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HE very ample introduction, prefixed to the 
following collection of Mathematical Tables, has 


ſuperceded the neceſſity of uſing many words here by 


way of preface, and has left me little more to mention 
than the neceſſity and occaſion of this work, with ſome 
account of the contents and mode of execution. 


The undertaking was occaſioned by the extreme in- 
correctneſs of the 5th, or laſt, edition of Sherwin's 
once uſeful book of tables. Finding, as well from the 
report of others, as from my own experience, that that 
edition (to ſay nothing of the very improper alteration 
in the form of the table of ſines, tangents, and ſecants) 


was ſo very incorrectly printed, the errors being multi- 


plied beyond all tolerable bounds, and no dependence 
to be placed on it for any thing of real practice, I was 
led to undertake the painful office of preparing a correct 


edition of another ſimilar work. And I was lucky 


enough to meet with a bookſeller of ſufficient ſpirit to 
be at the great expence of printing the book, as well as 
to allow me what I demanded for my trouble in pre- 
paring it ; which demand, however, was nothing ade- 
quate to the great labour attending it, as I was well 
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aware that the profits of the book would not enable him 
fully to reward my pains. 


I have in the firſt place, therefore, uſed all the means 
in my power to render the work correct. I began by 
collating the 3d, or beſt, edition of Sherwin's tables, 
with ſome others of the moſt perfect works of the ſame 
kind, as Briggs's, Vlacq's, Gardiner's quarto book, &c: 
by which means I detected many errors in each of 
them, which had not before been diſcovered; and of 
theſe between twenty and thirty were in the two edi- 
tions of Gardiner's work, printed at London in 1742, 
and at Avignon in 1770; the errata of which two books 
are here printed at the end of the tables in this work. 
But, beſides detecting many unknown errors in my copy 
of the ſaid 3d edition of Sherwin, which was no more 
than what I expected, I diſcovered, with no ſmall ſur- 
prize, that the laſt figures in the table of logarithms were 
not uniformly true to the neareſt unit, except in a very 
few pages at the beginning and end of the table; al- 
though Mr. Gardiner, the editor of that ec ion, had 
made the table correct in that reſpect in his own quarto 
work before-mentioned, which was alſo printed in the 
ſame year 1742 with the ſaid third edition of Sherwin! 
The errors from this cauſe, in that 3d edition, amounted 
to ſeveral thouſands ; and they have continued to run 
through all the editions of Sherwin ever ſince that time! 
But I have here corrected them. Nor have IJ employed 
leſs attention in correcting the preſs, than in previouſly 
correcting the copy; every proof having been ſeveral 
times 
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times read over, and compared with the beſt of the 
books before-mentioned. 


But in giving this edition to the world, I was not 
ſatisfied with barely making it correct. I was aware 
that the materials themſelves might be much improved ; 
and I have accordingly enlarged, or otherwiſe greatly 
amended them, in various reſpects. Among the im- 
provements of the old materials, may be reckoned the 
following: namely, in the large table of logarithms, the 
proportional parts, near the beginning, are more con- 
veniently arranged, being now all placed in the ſame 
opening of the book where their correſponding differ- 
ences occur: The logarithms to ſixty-one figures are 
brought to their proper place in the book, and more 
conveniently diſpoſed all in one page: The large table 
of ſines, tangents and ſecants, is more commodiouſlly 
arranged, and rendered more diſtinct and convenient 
for uſe; the natural ſines, tangents, ſecants and verſed 
ſines, being all ſeparated from the others, and placed all 
together on the left-hand pages, and the logarithmic 
ones facing them on the right-hand pages; the common 
differences, in both, ſet between the two columns to 
which each of them anſwers; and the verſed fines here 
introduced. into their proper place in the ſame pages 
with the fines, tangents and ſecants. Beſide theſe, there 
are ſome other alterations in the new tables here given, 
and the reader will find a number of very important 
improvements in the deſcciption and uſe of the whole ; 
eſpecially in the arithmetic of logarithms, and in the 
A 2 reſo- 
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reſolution of plane and ſpherical triangles, according to 
the preſent improved methods of calculation uſed by 
the Aſtronomer Royal, and other perſons the moſt ex- 
perienced in theſe matters. 


The improvements in the tables, by the introduction 
of new matter, are both great and numerous. The tables 
numbered 2, 3, and 4, are here added, being an entire 

new ſet, with their differences, for finding numbers and 
logarithms to twenty places. The columns of common 
differences, in the pages of natural fines &c, are now 
firſt introduced : As are alſo the tables of hyperbolic 
and logiſtic logarithms ; the logarithmic ſines and tan- 
gents for every ſecond, in the firſt two degrees of the 
quadrant ; together with a table of the lengths of arcs ; 

a table to change common and hyperbolic logarithms 
from the one to the other; &c: the uſes and exemplifi- 
cations of the whole being very amply detailed. 


But the greateſt alteration of all, is the very exten- 
ſive and new introduction here given, inſtead of the 
former inadequate and heterogeneous one, conſiſting of 
about 180 pages of new matter, on a methodical plan, 
containing the hiſtorical account and deſcription of all 
trigonometrical writings, and the tables relating to that 

ſubject, both natural and logarithmic ; beſides the com- 
plete uſe of the tables in this work, Inventions are 
here aſcribed to the proper authors, and their methods 
and improvements deſcribed and compared. This hiſ- 
torical deſcription will evidently appear to be the reſult 

of 
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of immenſe labour and reading. And indeed I have 
painfully gone over all the books which are here ſo 
minutely deſcribed ; and that deſcription with a detail 
in ſome degree adequate to their great merits ; eſpecially 
the works of Napier, Briggs, Kepler, &c; which was 
the more neceſſary, as the writings and methods of thoſe 
great maſters had not been any where properly deſcribed 
and diſcriminated, although they are in themſelves 
highly curious and important. 


Theſe readings and commentaries have been carried 
on to an extent far beyond what was at firſt intended. 
But the tables having been in the preſs for the ſpace of 


ſeven or eight years, I had thereby an opportunity of 


collecting and examining a ſtill greater number of 
books; ſo that I was gradually led on, and my views 
and plans rendered ſtill more extenſive and complete. 
This delay, therefore, though in many reſpects it proved 
very inconvenient and diſagreeable, has at length given 


the occaſion of rendering theſe commentaries more per- 


fect and ee, 


Beſides what immediately relates to trigonometrical 
ſubjects, the reader will here find many other curious 
and uncommon articles, relating to the ſeveral authors 
and their diſcoveries, which have occurred in the courſe 
of my reading, and which appeared of too much conſe- 
quence to be paſſed over unnoticed, in the analyſis of 
their ſeveral compoſitions. Among theſe is the diſco- 


very of the firſt author of the binomial theorem, and 
| the 
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the differential method, which are due to Mr. Henry 
Briggs, whoſe writings are replete with ingenious and 
original matter, and are well deſerving to be more gene- 
rally known and ſtudied than they have been for ſome 
time paſt. 


This long courſe of examination and deſcription, 
however, having been carried on for ſo many years, at 


different intervals, and interrupted by various avoca- 


tions, and by buſineſs of different kinds, it will be no 
wonder if this circumſtance may have occaſioned ſome 
inequalities in the ſtyle and compoſition of this hiſtory 
and for which therefore, ſhould any ſuch appear, it is 
hoped the occaſion will plead an apology. 


9 a 


P. 8. Since the Hiſtory of Trigonometrical Tables, in the following In- 
troduction, was printed, there has been publiſhed, in the Philoſophical 
Tranſactions for the year 1784, a paper of mine concerning a project for 
the Trigonometrical Tables to be conſtructed on a new plan, namely, in 
which the arc of the quadrant 1s divided into aliquot parts of the radius, or 
according to the real lengths of the ares. Which conſtruction is now in 


ſome degree of forwardneſs, as myſelf and ſeveral aſſiſtants have been cloſely , 


engaged in the execution of it ever ſince. 


Royal Military Academy, þ 


Wookvich, Fes. 4. 1785. CHARLES HUTTON, 


* Since the introduction has been printed of this 2d edition of the lo- 
garithme, there has alſo come out a table of logarithmic fives and tangents 
to every ſecond of the quadrant, accompanied by a table of the logarithms 


of numbers, arranged in a curious and improved manner; the whole by 


Mr. Michael Taylor, a pupil of mine, and a moſt indefatigable computer 
of the Nautical Ephemeris, &c, The author died juſt before the laſt half- 
ſheet of the tables was printed; and the preſent Aſtronomer Royal, with his 
uſual benevolence, has been ſo good as to compoſe and print the introductory 
precepts to the work. 


E. 
R. M. Acad. 1794 
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A ſhort Abſtraft of the principal Contents, may be as follows : 


1. In the Introduction. 


Page 
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Apprriox 70 be made at the bottom of page 19, of the 
Introduction. 


Since pages 17, 18, 19, were printed, which relate to the 
etymology of the terms ſine, arc, chord, &c, I have partly 
been able to ſatisfy myſelf, by reference to Golius's Lexicon 
of the Arabic and Latin languages. In conſequence ] find 
that the Arabic and Latin writers on Trigonometry uſe thoſe 
words in the ſame allegorical ſenſe, the latter being the Latin 
tranſlations of the former, and not the Arabic words cor- 
rupted. Thus, the true Arabic word to denote the trigono- 
metrical fine, is Q, pronounced Jeib, (reading the 


vowels in the French manner), meaning ſinus induſii, veſti/- 
que, the boſom part of the garment; the verſed fine 1s 
» Sehim, which is /agitta, the arrow; the arc is O. 


which is arcs, the arc; and the chord 1s „ Vitr, that 


is cherda, the chord. 
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birth to the various numeral tables which compoſe the following 
work. Aſtronomy has been cultivated from the earlieſt ages. The 
progreſs of that ſcience, requiring numerous arithmetical computa- 
tions of the ſides and angles of triangles, both plain and ſpherical, 
gave riſe to trigonometry; for thoſe frequent calculations ſuggeſted the 
neceſſity of performing them by the property of ſimilar triangles z and 
for the ready application of this property, it was neceffary that certain 
lines deſcribed in and about circles, to a determinate radius, ſhould be 
computed, and diſpoſed in tables. Navigation, and the continually 
improving accuracy of aſtronomy, have alſo occaſioned as perpetual an 


| Increaſe in the accuracy and extent of thoſe tables. And this it is 


evident muſt ever be the caſe, the improvement of trigonometry uni- 
formly following the improvement of thoſe other uſeful ſciences, for 
the ſake of which it is more eſpecially cultivated. _ 

The ancients performed their trigonometry by means of the chords 
of arcs, which with the chords of their ſupplemental arcs, and the con- 
ſtant diameter, formed all ſpecies of right-angled triangles. Beginning 
with the radius, and the arc whoſe chord is equal to the radius, they 
divided them both into 60 equal parts, and eſtimated all other arcs and 
chords by thoſe parts, namely all arcs by 6oths of that arc, and all 
chords by 6oths of its chord or of the radius. At leaſt this method is as 
old as the writings of Ptolemy, who uſed the ſexagenary arithmetic for 
this diviſion of chords and arcs, and for aſtronomical purpoſes.—And 
this by-the-by may be the reaſon why the whole cireumterence is di- 
vided into 360, or 6 times 60, equal parts or degrees, the whole circum- 
ference being equal to 6 times the firſt arc, whoſe chord is equal to the 
radius; unleſs perhaps we are rather to ſeek for the diviſion of the circle 
in the number of days in the year; for thus, the ancient year conſiſting 
of 360 days, the ſun or earth in each day deſcribed the 360th part of the 
orbit; and thence might ariſe the method of dividing every circle into 
360 parts; and, radius being equal to the chord of 60 of thoſe parts, 
the ſexageſimal diviſion both of the radius and of the parts might thence 


5 ariſe. 


ECESSITY, the fruitful mother of moſt uſeful inventions, gave 
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ariſe. Trigonometry however muſt have been cultivated long before 
the time of Ptolemy; and indeed Theon, in his commentary on 
Ptolemy's Almageſt, 1. 1. ch. , mentions a work of the philoſopher 
Hipparchus, written about a century and a half before Chriſt, conſiſt- 
ing of 12 books on the chords of circular ares; which muſt have been 
a treatiſe on trigonometry. And Menelaus alſo, in the firſt century 
of Chriſt, wrote 6 books concerning ſubtenſes or chords of arcs. He 
uſed the word nadir (of an arc), which he defined to be the right line 
ſubtending the double of the arc; ſo that his nadir of an arc was the 
double of our fine of the ſame arc, or the chord of the double are; and 
therefore whatever he proves of the former, may be applied to the 
latter, ſubſtituting the double fine for the nadir. > 
The radius has fince been decimally divided; but the ſexageſimal 
diviſions of the arc have continued in uſe to this day. Indeed our 
countrymen Briggs and Gellibrand, having a general dillike to all ſexa- 
efimal diviſions, made an attempt at fome reformation of this cuſtom, 
by dividing the degrees of the arcs, in their tables, into centeſms or 
hundredth parts, inſtead of minutes or Goth parts. The ſame was alſo 
recommended by Vieta and others; and a decimal diviſion of the whole 
quadrant might perhaps ſoon have followed, had it not been for the 
tables of Vlacq, which came out a little after, to every 10 ſeconds, 
or 6th part of a minute. But the complete reformation would be, to 
expreſs all arcs by their real lengths, namely in equal parts of the ra- 


- dius decimally divided: according to which method I have nearly com- 


pleted a table of fines and tangents. 

It is not to be doubted that many of the ancients wrote on the ſub- 
ject of trigonometry, as being a neceſlary part of aſtronomy ; although 
tew of their labours on that branch have come to our knowledze, and 
{till fewer of the writings themſelves have been handed down to us. 

We are in poſſeſſion of the 3 books of Menelaus, on ſpherical trigo- 
nometry z but the fix books are loſt which he wrote upon chords, being 
probably a treatiſe on the conſtruction of trigonometrical tables. 

The rrigonometry of Menelaus was much improved by Ptolemy 
(Claudius Ptolemæus) the celebrated philoſopher and mathematician. 
He was born at Peluſium, taught allronomy_at Alexandria in Egypt, 
and died in the year of Chriſt 147, being the 78th year of his age. In 
the firſt book of his Almagelt, Ptolemy delivers a table of arcs and 
chords, with the method of conitruction. "This table contains 

columns; in the 11t are the arcs to every half degree or 30 minutes 
in the 2d are their chords, expreiled in degrees, minutes and ſeconds, 
of which degrees the radius contains 60; and in the 3d column are 
the ditterences of the chords anſwering to 1 minute of the arcs, or the 
zoth part of the differences between the chords in the 24 column. In 
the conſtruction of this table, among others, Ptolemy ſhews, for the 
firſt time that we know of, this property of any quadrilateral inſcribed 
in a circle, namely, that the rectangle under the two diagonals, is equal 
to the ſum of the two rectangles under the oppoſite ſides. 

This method of computation, by the chords, continued in uſe till 
about the middle centuries after Chriſt ; when it was changed for that 
of the ſines, which were about that time introduced into trigonometTry 
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by the Arabians, who in other reſpects much improved this ſcience, 
which they had received from the Greeks, introducing, among other 
things, the three or four theorems, or axioms, which we uſe at preſent 
as the foundation of our modern trigonometry. 

'The other great improvements that have been made in this branch, 
are due to the Europeans. Theſe improvements they have gradually 
introduced ſince they received this ſcience from the Arabians. And 
although theſe latter people had long uſed the Indiau or decimal ſcale 
of arithmetic, it does not appear that they varied from the Greek or 
ſexageſimal diviſion of the radius, by which the chords and fines were 
expreſſed. | 
This alteration, it is ſaid, was firſt made by George Purbach, who 
was ſo called from his being a native of a place of that name be- 
tween Auſtria and Bavaria. He was born in 1423, ſtudied mathe- 
matics and aſtronomy at the univerſity of Vienna, where he was after- 
wards profeſſor of thoſe ſciences, though but for a ſhort time, the 
learned world quickly ſuffering a great loſs by his immature death, 
which happened in 1462, at the age of 39 years only. Purbach, be- 
ſides enriching trigonometry and aſtronomy with ſeveral new tables, 


_ theorems, and obſervations, ſuppoſed the radiustobe divided into 600,000 


equal parts, and computed the fines of the arcs, for every 10 minutes, 
in ſuch equal parts of the radius, by the decimal notation. 

This project of Purbach was completed by his diſciple, companion, 
and ſucceflor, John Muller, or Regiomontanus, who was fo called from 


the place of his nativity, the little town of Mons Regius, or Konings- 


berg, in Franconia, where he was born in the year 1436. Regiomon- 
tanus not only extended the fines to every minute, the radius being 
600,000, as deſigned by Purbach, but afterwards, diſſiking that ſcheme 
as evidently imperfect, he computed them likewiſe to the radius 
1,000,000, for every minute of the quadrant. He alſo introduced the 
tangents into trigonometry, the canon of which he called fecundus, 
becauſe of the many and great advantages ariſing from them. Beſides 
theſe, he enriched trigonometry with many theorems and precepts. 
Through the benefit of all theſe improvements, except for the uſe af 
logarithms, the trigonometry of Regiomontanus is but little inferior 
to that of our own time. His treatiſe, on both piane and ſpherical 
trigonometry, is in 5 books; it was written about the year 1464, 
and printed in'folio at Nuremburg in 1533. And in the 5th book are 
various problems concerning rectilinear triangles, ſome of which are 
reſolved by means of algebra: a proof that this ſcience was not wholly 
unknown in Europe before the treatiſe of Lucas de Burgo. Regio- 

montanus died in 1476, at the age of 40 years only; being then at 
Rome, whither he had been invited by the Pope, to aſſiſt in the re- 
formation of the calendar, and where it was ſuſpected he was poifoned 
by the ſons of George Trebizonde, in revenge for the death of their 
father, which was ſaid to have been cauſed by the grief he felt on ac- 


count of the criticiſms made by Regiomontanus on his tranſlation of 


Ptolemy's Almageſt. | 
Soon after this, ſeveral other mathematicians contributed to the im- 
provement of trigonometry, by extending and enlarging the tables, 
B 2 though 
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though few of their works have been printed; and particularly John 
Werner of Nuremburg, who was born in 1468, and died in 1528, and 
who it ſeems wrote five books on triangles. | 

About the year 1500, Nicholas Copernicus, the celebrated modern 
reſtorer of the true ſolar ſyſtem, wrote a brief treatiſe on trigonometry, 
both plane and ſpherical, with the deſcription and conſtruction of the 
canon of chords, or their halves, nearly in the manner of Ptolemy; to 
which is ſubjoined a canon of fines, with their differences, for eve 
10 minutes of the quadrant, to the radius 100000. This tract is in- 
ſerted in the firſt book of his Revolutiones Orbium Cœlęſtium, firſt printed 
in folio at Nuremburgh 1543. It is remarkable that he does not call theſe 
lines /ines, but ſemifſes ſubtenſarum, namely of the double arcs. —Coper- 
nicus was born at Thorn in 1473, and died in 1543. | 

In 1553 was publiſhed the Canon Fecundus, or table of tangents, of 
Eraſmus Reinhold, profeſſor of mathematics in the academy of Wur- 
temburgh. He was born at Salheldt in Upper Saxony, in the year 
1511, and died in 1553. | | 

To Franciſcus Maurolycus, abbot of Meſſina in Sicily, we owe the 
introduction of the Tabula Benefica, or canon of ſecants, which came 
out about the ſame time, or a little before. But Lanſbergius errone- 
ouſly aſcribes this to Rheticus. And the tangents and ſecants are 
both aſcribed to Reinhold, by Briggs, in his Mathematica ab antiquis 
minus cognita, (pa. 30. Appendix to Ward's Lives of the Profeiſors of 
Greſham College.) 

Francis Vieta was born in 1540 at Fontenai, or Fontenai-le-Comte, 
m Lower Poitou, a province of France. He was maſter of requeſts at 
Paris, where he died in 1603, being the 63d year of his age. Among 
other branches of learning in which he excelled, he was one of the 
moſt reſpectable mathematicians of the 16th century, or indeed of any 
age. His writings abound with marks ot great originality, and the 
fineſt genius, as well as intenſe application. Among them are ſeve- 
ral pieces relating to trigonometry, which may be found in the collec- 
tion of his works publiſhed at Leyden in 1646, by Francis Schooten, 
beſides another large and ſeparate volume in folio, publiſhed in the 
author's life-time at Paris in 1579, containing trigonometrical tables, 
with their conſtruction and uſe ; very elegantly printed, by the king's 
mathematical printer, with beautiful types and rules; the differences 
of the fines, tangents and ſecants, and ſome other parts, being printed 
with red ink, for the better diſtinction; but inaccurately executed, as 
he himſelf teſtifies in pa. 323 of his other works above mentioned. 
The firſt part of this curious volume is intituled Canon Mathematicus 
feu ad Triangula, cum Appendicibus, and contains a great variety of 
tables uſeful in trigonometry. The firſt of theſe is what he more pe- 
culiarly calls Canon Mathematicus, ſeu, ad Triangula, which contains 
all the fines, tangents, and ſecants for every minute of the quadrant, 
to the radius 100,000, with all their differences; and towards the end 
of the quadrant the tangents and ſecants are extended to 8 or 9g places 
of figures. They are arranged like our tables at preſenc, increaſing on 
the left-hand fide to 45 degrees, and then returning upwards by the 
right-hand fide to 90 degrees; ſo that each number and its complement 


ſtand 


— 
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ſtand on the ſame line. But here the canon of what we now call 
tangents is denominated fecundus, and that of the ſecants fœcundiſſi- 
mus. For the general idea prevailing in the form of theſe tables, is, 
not that the lines repreſented by the numbers are thoſe which are 
drawn in and about a circle, as ſines, tangents, and ſecants, but the 
three ſides of right- angled triangles; this being the way in which thoſe 
lines had always been conſidered, and which ſtill continued for ſome 
time longer. And therefore he conſiders the canon as a ſeries of 
plane right-angled triangles, one fide im, conſtantly ioo, ooo; or 
rather as three ſeries of ſuch triangles, for he makes a diſtinct ſeries 
for each of the three varieties, namely, according as the hypotenuſe 
or the baſe or the perpendicular is repreſented by the conſtant number 
100,000, which is ſimilar to the radius. Making each fide conſtantly 
100,000, the other two ſides are computed to every magnitude of the 
acute angle at the baſe, from 1 minute up to 90 A or the whole 
quadrant. Each of the three ſeries therefore conſiſts of two parts, as 
repreſenting the two variable ſides of the triangle. When the hypo- 
tenuſe is made the conſtant number 100,000, the two variable ſides 
of the triangle are the perpendicular and baſe, or our fine and coſine 
when the baſe is 100,000, the perpendicular and hypotenuſe are the 
variable parts, forming the canon fecundus & fecundifſimus, or our 
tangent and ſecant; and when the perpendicular is made the conſtant 
100,000, the ſeries contains the variable baſe and hypotenuſe, or alſo 
canon fecundus & frcundiſſimus, or our cotangent and coſecant. Of 
courſe, therefore, the table conſiſts of 6 columns, 2 for each of the 3 
| ſeries, befides the two columns on the right and left for minutes 

from o to 60 in each degree. | 

The ſecond of theſe tables is fimilar to the firſt, but all in rationak 
numbers, conſiſting, like it, of 3 ſeries of 2 columns each, the radius, 
or conitant ſide of the triangle, in each ſeries, being 100,000, as before, 
and the other two fides accurately expreſſed in integers and rational 
vulgar fractions. So that we have here the canon of accurate lines, 
tangents, and ſecants, or a ſeries of about 4300 rational right-angled 
triangles. But then the ſeveral correſponding arcs of the quadrant, 
or angles of thoſe triangles, are not expreſſed. Inſtead of them are 
inſerted, in the firſt column next the margin, a ſeries of numbers de- 
creaſing from the beginning to the end of the quadrant, which are 
called numeri primi baſeoc. It is from theſe numbers that Vieta con- 
ſtructs the ſides of the 3 ſeries of right-angled triangles, one fide in each 
ſeries being the conſtant number 100,000, as before. The theorems by 
which theſe ſeries of rational triangles are computed from the numer: 
primi baſeos, or marginal numbers, are inſerted all in one page at the 
end of this 2d table, and in the modern notation they may be briefly 
expreſſed thus. Let ↄ be the primary or marginal number on any line, 
and r the conſtant radius or number 100,000; then if » denote the 
hypotenuſe of the right-angled triangle, the perpendicular and baſe, 
or the ſine and coſine, will be reſpectively, 


r 2 71 . +: —1 
TIS and r — 5 (which laſt we may reduce to Lat ). 


When | 
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When r denotes the baſe of the right-angled triangle, the perpendi- 
cular and hypotenuſe, or the tangent and ſecant, are expreſſed by 


172 
** . and r + F. (which laſt we may reduce to 77— 1); 


and when r denotes the perpendicular of the right- angled rn 


the baſe and hypotenuſe, or the cotangent and coſecant, are 
expreſſed by 


I a2 © 2 

Ir — 14 (or N 1), and 3pr + * (or TEL! 1). 

So that Vieta's general values will be as we have here collected them 
together in the following expreſſions immediately under the words 
fine, coſine, &c; and juſt below Vieta's forms I have here placed 
the others to which they reduce and are equivalent, which are more 
contracted, though not ſo well adapted to the expeditious computa- 
tion as Vieta's forms. 


Sine Cone Tangent 


Secant Cotangent Coſecant | 
pr 2r pr 2 n 5 i = 
1— - r + — 2912 14 
IS +1 i 3 * +1 If” —1 | : 221 In 5 1 7 | 
EP P - 272 +1 452 —1 IÞ* +1 
Ti 2 * of I : | 1 4 * . 25 1 * 
— > ils | F I Y I, Þ ©] 9 | 


All thefe expreſſions, it is evident, are rational; and by aſſuming p of 
different values, from the firit theorems Vieta computed the corre- 
ſponding fides of the trizngles, and ſo expreſſed them all in integers 
and rational fractions. | 

To the foregoing principal tables are ſubjoined ſeveral other ſmaller 
tables, or ſhort ſpecimens of large ones: as, a table of the fines, tan- 
gents and ſecants for every ſingle degree of the quadrant, with the 
correiponding lengths of the arcs, the radius being loo, ooo, ooo; 
another table of the fines, tangents, and ſecants, for each degree alſo, 
expreſſed in ſexageſimal parts of the radius as far as the 3d order of 
parts; alſo two other tables for the multiplication and reduction of 
ſexageſimal quantities, 

The ſecond part of this volume is intituled Univer/alizm Inſpectio- 
rum ad Cananem Mathematicum Liber ſingularic. It contains the 
conſtruction of the tables, a compendious treatiſe on plane and 
ſpherical trigonometry, with the application of them to a great 
variety of curious ſubjects in geometry and menſuration, treated in 
a very learned manner; as alſo many curious obſervations concern- 
ing the quadrature of the circle, the duplication of the cube, &c. 
Computations are here given of the ratio of the diameter of a 
circle to the circumference, and of the length of the fine of 1 
minute, both to many places of figures; by which he found that 
the fine of 1 minute is between 2,908,881,959 and 2,908,882,056 
aiſo the diameter of a circle being 1000 &c, that the perimeter of 


the inſcribed and circumſcribed polygon of 393,216 fides, will be 
as follows: \ 


perim. 


CH - 
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perim. of the inſcrib. polygon 314,159,265,35 
perim. of the circum. polygon 314,159,265,37 
and that therefore the circumference of the circle lies between thoſe 
two numbers. | 
Although no author's name appears to the volume I have been de- 
ſcribing,. there can be no doubt of its being the performance of Vietaz 
for, beſides bearing evident marks of his maſterly hand, it is mentioned 
by himſelf in ſeveral parts of his other works collected by Schooten, 
and in the preface to thoſe works by Elzevir the printer of them; as 
alſo in M. Montucla's Hiftoire des Mathematiques, which are the only 
notices I have ever ſeen or heard of concerning this book, the copies 
of which are ſo rare, that I never ſaw one beſides that which is in my 
own poſſeſſion, nor ever met with any other perſon at all acquainted 
with ſuch a book. 5 
In the other works of Vieta, publiſhed at Leyden in 1646, by 
Schooten, as mentioned above, there are ſeveral other pieces relating 
to trigonometry ; ſome of which, on account of their originality and 
importance, are very deſerving of particular notice in this place. 
And firſt, the very excellent theorems, here firſt of alt given by our 
author, relating to angular ſections, the geometrical demonſtra- 
ti>ns of which are ſupplied by that ingenious geometrician Alexander 
Anderſon, then profeſſor of mathematics at Paris, but a native of 
Aberdeen, and couſin-german to Mr. David Anderſon, of Finzaugh, 
whoſe daughter was the mother of the celebrated Mr. James Gregory, 
inventor of the Gregorian teleſcope. We find here, theorems for 
the chords (and conlequently fines) of the ſums and differences of 
ares; and for the chords of arcs that are in arithmetical progreſ- 
ſion, namely, that the firſt or leaſt chord is to the 2d, as any one after 
the firſt is to the ſum of the two next leſs and greater: for example, 
as the 2d to the ſum of the iſt and gd, and as the 3d to the ſum of 
the 2d and th, and as the 4th to the ſum of the 3d and 5th, &c; 
ſo that the iſt and 2d being given, all the reſt are found from them 
by one ſubtraction and one proportion for each, in which the iſt and 
2d*terms are conſtantly the ſame : next are given theorems for the 
chords of any multiples of a given arc or angle, as alſo the chords of 
their ſupplements to a ſemicircle, which are ſimilar to the fines and 
colines of the muitiples 'of given angles; and the concluſions from 
them are exprefled in this manner: 1, that if c be the chord of the 


ſupplement of a given arc a, to the radius 1, then the chords of the 


ſupplements of the multiple arcs will be as in the annexed table : 
where the author obſerves, that the 


ſigns are alternately + and -; that Ares Chords of the Supplements. | 
the vertical columns of numeral co- | 1 | © ry 
efficients to the terms of the chords, | 24 5 * 14 
are the ſeveral orders of figurate n | 
numbers, which he calls triangular, ET gex# 3 

os hots er er- 54 c 564 + 5e | 
pyramidal, triangulo-triangular, tri- „ | 
angulo-pyramidal, & c, generated in Ja Ce 7c 1 145 1c 
the ordinary way by continual additions Kc. | &c. 
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GENFRATFON OF POWERS, but beginning with the number 2; and 
that the powers obſerve always the ſame progreſſion : ſecondly, that 


if the chord of an arc a be called 1, and d the chord of the double 
arc 2a, then the chords of the ſeries | 


of multiple arcs, will be as in this Arcs | Chords, 

table; where the author remarks as 16.7 £ | 
before on the law of the powers, me 7 

ſigns, and coefficients, theſe being 32 * : i = 
the orders of figurate numbers, - N * I | 
raiſed from unity * continual ad- 3 1 775 + 34 | 
ditions, after the manner of the geneſis 7a ©, 5d* + 64* —- 1 
F powers, which generation in that 8a | 47 — 645 +1043 — 4% | 
way he ſpeaks of as a thing gene- | &c.| &. 


rally known, but without giving any 
hint how the coefficients of the terms of any power may be found 
from one another only, and independent of thoſe of any other power, 
as it was afterwards, and firſt of all, I believe, done by Henry Briggs, 
about the year 1600: and 3dly, that if C be the chord of any arc a, 
to the radius 1, then the ſeries of the chords and ſupplemental chords 
of the multiple arcs | 


will be thus; where | Arcs. Chords and Chords of Sup. 
the values are al- 14 _ = TS 
ternately chords and 2a Sup. c — — ＋ 2 


r 
chords of the ſup- | - * Them 75 75 105 PEN 


lements of the arcs l . 3338 
on the ſame line, and | 55 Sup. ch. Ce T 50. — 58, 4 
the law of the po 74 | Chord = -C7 + 7 Cs - 1403 TT 7 
ers and coefficients Kc. Ke. | | 
as before, but every = 
alternate couplet of lines having their ſigns changed. 

Another curious theorem is added to the above, for finding the ſum 
of all theſe chords drawn in a femicircle, from one end of the diameter 
to every point in the circumference, thoſe points dividing the circum- 
ference into any number of equal parts; namely, as the leaſt chord is 
to the diameter, ſo is the ſum of the ſaid leaſt chord and diameter and 
greateſt chord, to double the ſum of all the chords including the 
diameter as one of them. 

As the above theorems are chiefly adapted for the chords of multiple 
angles, a few problems and remarks are then added (whether by Vieta- 
or Anderſon does not clearly appear, but I think by the latter) concern- 
ing the application of them, to the ſection of angles into ſubmultiples, 
and thence to the computation of the chords or ſines, or a canon of 
triangles. The general precept for the angular ſections is this; ſelect 
one of the above equations adapted to the proper number of the ſection, 
in which will be concerned the powers of the unknown or required 
quantity, as high as the index of the ſection; and from this equation 
find that quantity by the known methods for the reſolution of equa- 
tions. Examples are given of three different ſections, namely, for 3, 5y 
and 7 equal parts, = _ for which are reſpectively theſe, 

ny JC D,. coo oo» Fg 


where . 
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where g is the chord of the given arc. or angle, and C the required 
chord of the 3d, 5th, or 7th part of it. And it is ſhewn geometricall 
that the firſt of theſe equations has 2 real poſitive roots, the ſecond 3 
and the laſt 4; alſo from the ſame principles the relations of theſe 
roots are pointed out. | 5 

The method then annexed for eonſtructing the canon of {mes from 
the foregoing theorems, is thus: By dividing the, radius in extreme- A. 
and-mean ratio, is obtained the fine of 18 degrees; this quinguiſeQted,”, 
gives the fine of 3* 36”. Again, by triſecting the arc of 60, there is 2 
obtained the fine of 209; this again triſected gives that of 6 407; and C of cx 
this biſected gives that of 30 200%: Then, by the theorem for the diffe- at 
rence of two arcs, there will be found the fine of 16', the difference Ln 
between 3* 36“ and 3* 20”: Laſtly, by four ſucceſſive biſections, will 4. 
at length be found the ſines of 8, 4”, 2, and 1“. This laſt being found, 9 
the ſines of its multiples, and again of the multiples of theſe multiples, = N IG 
&c. throughout the quadrant, are to be taken by the proper theorems | 
before laid down. 

And the ſame ſubject is ſtill farther purſued and explained in the 
tract containing the anſwer given by Vieta to the problem propoſed to 
the whale world by Adrianus Romanus, | | 

In the ſame collection of Vieta's works, from page 400 to 432, is 
given a complete treatiſe on practical trigonometry, containing rules 
for reſolving all the caſes of plane and ſpherical triangles, by the Canon 
Mathematicus, or table of fines, tangents and ſecants. 

'The next authors whoſe labours in this way have been printed, are 
| Rheticus, Otho, and Pitiſcus: to all of whom we owe very great 
improyements in tri onometry. ; 

George Jogchim T profeſſor of mathematics in the univer- 
ſity of Wurtemburg, and ſometime pupil to Copernicus, died in 1576, 
in the Goth year of his age. He conceived and executed the great 
deſign of computing the triangular canon for every 10 ſeconds of the 
quadrant, to && radius (1000000000c00000) conſiſting of 1 followed 
by 15 ciphers. The ferics of ſines which Rhericus computed to this 
radius, for every 10 ſeconds, and for every fingle ſecond in the firſt 
and laſt degree of the quadrant, was publiſhed in folio at Francfort - 
1613 by Pitiſcus, who himſelf added a few of the firſt fines computed 


to the radius 10000000000000000000000,. 


* 


But the large work, or whole trigonometrical canen, computed by 
Rheticus, was publiſhed in 1596 by Valentine Otho, mathematician 
to the Electoral Prince Palatine, This vaſt work contains all the three 
ſeries for the whole canon of right-angled triangles (being ſimilar 
to the fines, tangents and ſecants, by which names I ſhall call them), 
with all the differences of the numbers, to the radius 10000000000. 

Prefixed to theſe tables are ſeveral books on their conſtruction and 
uſe in plane and ſpherical trigonometry, &c. Of theſe, the firſt three 
are by Rheticus himſelf; namely, book the iſt containing the demon- 
trations of 9 lemmas concerning the properties of certain lines drawn 
in and about circles: the 24 book contains 10 propoſitions relating ta 
the fines and coſines of arcs, together with thoſe of their ſums and dif- 
ſerences, their halves and doubles, &c, The 3d book teaches, in 13 pro- 
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ſitions, the conſtruction of the canon tothe radius 1000000000000000, + 
By ſome of the common properties of geometry having determined the 
ſines of a few principal arcs, as 30% 367 &c, in the firſt propoſition, 
by continual biſections, he finds the fines of various other arcs, down, 
to 45 minutes. Then, in the 2d propoſition, by the theorems for 
the ſums and differences of arcs, he finds all the fines and coſines, 
up to go degrees, in a ſeries of arcs differing by 1* 30% And, in the 

d propoſition, by the continual addition of 45“, he obtains all the 
2. and coſines in the ſeries whoſe common difference is 45 In 
the 4th propoſition, beginning with 45“, and continually bifecting, 
he finds the {ines and coſines of the ſeries of half arcs till he arrives 
at the arc of 14vili 19ix, the fine of which is found to be 1, and its 
coline 999999999999999. In the 5th propoſition are computed the 
fine and coſine of 300 or half a minute. In the 6th and 7th pro- 
poſitions are computed the iines and coſmes for every minute, 7 
1“ to 457, as well as of many larger arcs, The 8th propoſition ex- 
tends the computation for ſingle minutes much farther. In propoſi- 
tions 9 and 10 are computed the tangents and ſecants for all arcs in 
the ſeries whoſe common difference is 45“; and theſe are deduced 
from the ſines of the ſame arcs by one proportion for each. In 
the remaining three . 11, 12, 13, are computed the 
tangents and ſecants for ſeveral ſmall angles. And from all theſe 
primary fines, tangents, and ſęcants, the whole canon is deduced and 
completed. e's | 

The remaining books in this work are by the editor Otho; namely, 
a treatiſe, in one book, on right-angled plane triangles, the cafes of 
which are reſolved by the tables; then right-angled 9 trigono- 
metry in four books; next oblique ſpherical trigonometry in five 
books; and laſtly ſeveral other books, containing various ſpherical 

roblems. | „ 
, Next after the above are placed the tables themſelves, containing 
the ſines, tangents, and ſecants, for every 10 ſeconds in the quadrant, 
with all the differences annexed to each, in a ſmaller character, The 
numbers however are not called fines, tangents, and fecants, but, like 
Victa's, before deſcribed, they are conſidered as repreſenting the ſides 
of right-angled triangles, and titled accordmgly. They are alfo in 
like manner divided into three feries, namely, according as the radius, 
or conſtant ſide of the triangle, is made the hypotenuſe, or the greater 
leg, or the leſs leg of the triangle. When the hypotenuſe is made 
the conſtant radius Io000000000, the two columns of this caſe or 
ſeries are called the perpendicular and baſe, which are our fine and 
coſine; when the greater leg is the contlant radius, the two columns 
of this ſeries are titled hypotenuſe and perpendicular, which are our. 
ſecant and tangent z and when the leſs leg is conſtant, the two co- 
lumns in this caſe are called hypotenuſe and baſe ; which are our 
colecant and cotangent. After this large canon is printed another 
- ſmaller table, which is ſaid to be the two columns of the third ſeries, 
or coſecants and cotangents, with their differences, but to 3 places of 
figures leſs, or to the radius 10000000. But I cannot diſcover the 
reaſon for adding this leſs table, even if it were correct, which 18 ver 
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far from being the caſe, the numbers being uniformly erroneous, and 
different from the former through the greateſt part of the table. 
Towards the cloſe of the 16th century many perſons wrote on the 
ſubject of trigonometry, and the conſtruction of the triangular canon. 
But, their writings being ſeldom printed till many years afterwards, it 
is not eaſy to aſſign their order in reſpect of time. I ſhall therefore 
mention but a few of the principal authors, and that without pretend- 
ing to any great preciſion on the ſcore of chronological precedence. 

In 1591 Philip Lanſbergius firſt publiſhed his Geometria Triangu- 
loruin in four books, with the canon of fines, tangents, and ſecants z 
a brief but very elegant work; the whole being clearly explained: 
and it 1s perhaps the firſt ſet of tables titled with thoſe words. The 
ſines, tangents, and ſecants of the arcs to 45 degrees, with thoſe of 
their complements, are each placed in adjacent columns, in a very 
commodious manner, continued forwards and downwards to 45 de- 

rees, and tlien returning backwards and upwards to go degrees: the 
_— is 10000000, and a ſpecimen of the firſt page of the table is as 
follows : | DE 


Sinus Tangens Secants 


24 — 0 | e . OT | 
o {| o[10000000 of Infinitum. [|1.o000000| Infinitum. 6 
| 1 || 2909] 9999999| 29090343 77466738 034377468 193059 | 
2 ||_58'8] 9959998] 5Brb[17 188731915} 10000002171857348241158 | 
3 I} $727] 9999996, 8727111459152994]|1000000411459157 357157 | 
| 4 [111536] 9999993111636] 8594303048|| 10000007] 8594358366156 
| 5 1114544] 9999989||14544] 6875488693}ro000011] 6825498955068 
de alles EPI 2 Sec 
| ee ee eee e [189 


Of this work, the firſt book treats of the magnitude and relations 
of ſuch lines as are conſidered in and about the circle, as the chords, 
lines; tangents, and ſecants. In the ſecond book is delivered the 
conſtruction of the trigonometrical canon, by means of the properties 
laid down in the firſt book: After which follows the canon itſelf. 
And in the third and fourth books is ſhewn the application of the 
table, in the reſolution of plane and ſpherical triangles ——Lanſberg, 
who was born in Zealand 1561, was many years a miniſter of the 
goſpel, and died at Middleburg in 1632. 

The trigonometry of Bartholomew Pitiſcus was firſt pnbliſhed at 
Francfort in the year 1599. This is a very complete work; contain- 
ing, beſides the triangular canon, with its conſtruction and uſe in 
reſolving triangles, the application of trigonometry to problems of 
ſurveying, altimetry, architecture, geography, dialling, and aſtronomy. 
The conſtruction of the canon is very clearly deſcribed : And, in the 
third edition of the book in the year 1612, he boaits to have added, in 
this part, arithmetical rules for finding the chords of the 3d, 5th, and 
other uneven parts of an arc, from the chord of that arc being given; 
ſaying that it had been heretofore thought impoſſible to give ſuch 
rules: But, after all, thoſe Ny methods are only the application — 
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the double rule of Falſe-Poſition to the then known rules for finding 
the chords of multiple arcs z namely, making the ſuppoſition of ſome 
number for the required chord of a ſubmultiple of any given arc, then 
from this aſſumed number computing what will be the chord of its 
multiple arc, and which is to be compared with that of the given are; 
then the ſame operation ts performed with another ſuppoſition; and ſo 
on as in the double rule of poſition. The canon contains the ſine, 
tangent, and ſeeant for every minute of the quadrant, in ſome parts 
to 7. places of figures, in others to 8 as alſo the differences for every 
Io ſeconds. The fines, tangents, and fecants, are alſo given for every 
10 ſeconds in the firſt and laſt degree of the quadrant, for every 2 
ſeconds in the firſt and laſt 10 minutes, and for every ſingle ſecond in 
the firſt and laſt minute. In this table the fines, tangents, and ſecants, 
are continued downwards on the left-hand pages as far as to 45 de- 
grees, and then returned upwards on the right-hand pages, ſo that 
the complements are always on the fame line in the oppoſtte or facing 
ages. ie!!! Rn gs hp 
f The mathematical works of Chriſtopher Clavius (a German jeſuit, 
who was born at Bamberg in 1537) in five large folio volumes, were 
printed at Moguntia, or Metz, in 1612, the year in which the author 
died, at the age of 75. In the firſt volume we find a very ample and 
circumſtantial treatiſe on trigonometry, with Regiomontanus's canon 
of fines for every minute, as alſo canons of tangents and ſecants, 
each in a ſeparate table, to the radius r0000000, and in a form 
continued forwards all the way up to go degrees. 'The explanation 
of the conſtruction of the tables is very complete, and 1s chiefl 
extracted from Ptolemy, Purbach, and Regiomontanus. The fines 
have the differences ſet down for each ſecond, that is, the quotients 
ariſing from the differences of the fines divided by 60. | 
About the year 1600 Ludolph van Collen, or a Ceulen, a reſpect- 
able Dutch mathematician, wrote his book de circuls & adſcriptis, in 
which he treats fiilly and ably of the properties of lines drawn in 
and about the circle, and efpecially of chords or ſubtenſes, with the 
conſtruction of the cation of fines. The geometrical properties from 
which theſe lines are computed are the ſame as thoſe uſed by former 
writers; but his mode of cbmputing and expreſſing them, is different 
from theirs; for they actually extracted all the roots, &c, at every 
ſtep or ſingle opetation in decimal numbers; but he retained the 
radical expreſhons to the laſt, niaking them however always as ſimple 
as poſſible : thus, for inſtance, he determines the ſides of the polygons 
of 4, 8, 16, 32, &c, ſides, inſcribed in the circte whofe radius is 1, to 
be as in the table annexed : | 
where the point before any figure 
(as V. 2) ſignifies the root of all 
that follows it; ſo the laſt line 


N | | 2 
is in our notation the fame as 8 W — 2 


5 2. And as x FR 
the perfect management of ſuch | 37 | V2 {02 V v2 | 


| &c | 
ſurds was then not generally — 4 


known, 


ä 


[hae Length of each ſide. 
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kriown, he added a very neat tract on that ſubject, to facilitate the com- 
putations. Theſe, together with other diſſertations on ſimilar geome- 
trical matters, were tranſlated from the Dutch language into Latin b 

Willebrord Snell, and publiſhed at (Lugd. Batav.) Leyden in 1619- 


It was in this work that Ludolph determined the ratio of the diame- 


ter to the circumference of the circle to 36 figures, ſhewing that, if 
the diameter be 1, the circumference will be 

greater than 3*14159,20535,89793,23346,20433,83279,50238, 

but leſs than 3*14159,26535,89793,23846,20433,33279,50289 5 
which ratio was by his order, in imitation of Archimedes, engraven 
on his tomb-ſtone, as is witneſſed by the ſaid Snell, pa. 54, 55, Cyclo 
metricus, publiſhed at Leyden two years after, in which he treats the 
ſame ſubject in a fimilar manner, CY and verifying Lu- 
dolph's numbers. And in the ſame book he alio gives a variety of 
geometrical approximations, or mechanical ſolutions, to determine 
very nearly the lengths of arcs, and the areas of ſectors and ſegments 
of circles; ; LF 

Beſides the Cyclometricus, and another geometrical work (Apollonius 
Battavus) publithed in 1608, the ſame Snellius wrote alſo four others 
doctrinæ triangulorum canonice, in which is contained the canon of 
Tecants, and in which the conſtruction of fines, tangents, and ſe- 


cants, together with the dimenſion or calculation of triangles, both 


plane and ſpherical, are briefly and clearly treated. After the author's 
death this work was publiſhed in 8vo, at Leyden 1627, by Martinus 
Hortenſius, who added to it a tract on ſurveying and ſpherical prob- 
lems. Willebrord Snell was born in 1591 at Royen, and died in 
1627, being only 35 years of age. He was profeſſor of mathematics 
in the univerſity of Leyden, as was alſo his father Rodolph Snell. 
Alfo in 1627, Francis van Schooten publiſhed at Amſterdam, in a 
ſmall neat form, tables of fines, tangents, and ſecants, for eve 
minute of the quadrant, to 7 places of figures, the radius bein 


10000000; together with their uſe in plane trigonometry. 'Theſe 


tables have a great character for their accuracy, being declared by the 
author to be without one ſingle error. This however muſt not be 
underſtood of the laſt figure of the numbers, which I find are very 
often erroneous, ſometimes in exceſs and ſometimes in defect, by not 
being always ſet down to the neareſt unit. Schooten died in 1659, 
while the ſecond volume of his ſecond edition of Deſcartes' geometr 
was in the preſs. He was alſo author of ſeveral other valuable works 
in geometry and other branches of the mathematics. 

The foregoing are the principal writers on the tables of fines, tan- 
gents, and ſecants, before the invention of logarithms, which happened 
about this time, namely, ſoon after the year 1600. Tables of the 
natural numbers were now all completed, and the. methods of com- 
puting them nearly perfected: And therefore, before entering on the 
diſcovery and conſtruction of logarithms, I ſhall ſtop here awhile to 
give a ſummary of the manner in which the ſaid natural fines, tan- 
gents, and ſecants, were actually computed, after having been gra- 
dually improved fram Hipparchus, Menelaus, and Ptolemy, who uſed 


only the chords, down to the beginning of the 17th century, when 
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ſines, tangents, ſecants, and verſed ſines were in uſe, and Then tlis 
method hitherto employed had received its utmoſt improvement. 
In this explanation I ſhall here firſt enumerate the theorems by 
which the calculations were made, and then deſeribe the application 
of them to the computation itſelf. 
Theorem 1. "The ſquare of the diameter of a circle, is equal to the 


ſum of the ſquares of the chord of an arc and of the chord of its 


fupplement to a ſemicircle. 

2. The reQangle under the two diagonals of any quadrilateral 
inſcribed in a dircle,} is equal to the ſum of the two 42 under 
the oppoſite ſides. 


3. The ſum of the ſquares of the ſine and coſine (hitherto called 


the ſine of the complement), is equal to the ſquare of the radius. 

4. The difference between the fines of two arcs that are equally 
diſtant from 60 degrees, or + of the whole circumference, the one 
as much greater as the other is leſs, is equal to the ſine of half the 
difference of thoſe arcs, or of the difference between either arc and 
the ſaid arc of 60 degrees: 

The ſum of the coſine and verſed fine is equal to the radius. 


6. The ſum of the ſquares of the fine and verſed fine is equal td 


the ſquare of the chotd, or to the ſquare of double the fine of half 
the arc. 
7. The fine is a niean proportional between half the radius and 
mn verſed fine of double the arc. 
8. A mean proportional between the verſed fine and half the radius 
is equal to the fine df half the arc. 
9. As radius is to the fine, ſo is twice the coſine to the ſine of 
twice the are. 
10. As the chord of an ate is to the ſum of the chords of the 


fingle and double arc, ſo is the difference of thoſe chords to the chord 


of thrice the arc. 

11. As the chord of an arc is to the ſum of the chords of twice 
and thrice the arc, fo is the difference of thoſe chords to the chord of 
five times the arc. 

12. And in general, as the chord of an arc is to the ſum of the 
chords of » times and u + 1 times the are, ſo is the difference of 
thoſe chords to the chord of 27 + 1 times the are. 


13. The fine of the ſum of two arcs is equal to the ſum of the 
products of the ſine of each multiplied by the coſine of the other and 


divided by the radius. 

14. The fine of the difference of two arcs is equal to the difference 
of the ſaid two produQts divided by radius. 
15. The coſine of the ſum of two arcs is equal to the difference 
between the produtts of their fines and of their coſines divided by 

radius. 

16. The coſine of the difference of two arcs is equal to the ſum 
of the ſaid products divided by radius. 

17. A ſmall arc is equal to its chord or fine, nearly. 

18. As coſine is to fine, ſo is radius to tangent. 
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ug. Radius is a mean proportional between the tangent and co- 
angents „„ $a / 

20. Half the difference between the tangent and cotangent of an 
arc is equal to the tangent of the difference between the arc and its 
complement. Or, the ſum ariſing from the addition of double the 
tangent of an arc with the tangent of half its complement, is equal] 
to the tangent of the ſum of that arc and the ſaid half complement. 

21. 'Fhe ſquare of the ſecant of an arc, is equal to the ſum of the 
ſquares of the radius and tangent. | 
22. Radius is a mean proportional between the ſecant and coſine, 
Or, as coſine is to radius, ſo is radius to ſecant. 

23. Radius is a mean proportional between the fine and coſecant. 

24. he ſecant of an arc, is equal to the fum of its tangent and 
the tangent of half its complement. Or, the ſecant of the difference 
between an arc and its complement, is equal to the tangent of the 
ſaid difference added to the tangent af the leſs arc. 


25. The ſecant of an arc, is equal to the difference between the 
tangent of that arc and the tangent of the arc added to half its com- 
plement. Or, the ſecant of the difference between an arc and its 
complement, is equal to the difference between the tangent of the ſaid 
difference and the tangent of the greater arc. 
From ſome of theſe 25 theorems, extracted from the writers before 
mentioned, and a few propoſitions of Euclid's elements, they fom- 
piled the whole table of fines, tangents, and ſecauts, nearly in the 
following manner . | 

By the elements were computed the ſides of a few of the regular 
figures inſcribed in a circle, which were the chords of ſuch parts of 
the whole circumference as are expreſſed by the number of ſides, and 
therefore the halves of thoſe chords the fines of the halves of the arcs, 
So, if the radius be 10000000, the ſides of the following figures will 
give the annexcd chords and fines. 


© WIT res ſub- Its chord, | Half Its fine, 

| The figure Poe or ſide arc or 4 chord 
4 Triangle | 120? © | 17320508 | 609 | 8660254 | 
Square go 14142136 | 45 7071068 
Pentagon oh | 11755705 | 36 | 5877853 | 
exagon 60 | Ioooooce 30 Foo 
Decagon 36 6180340 [18 | 3090170 | 

| Q uindecagon 26. -* 4158234 12 2079117 


Ot ſome, or all of theſe, the fines of the halves were continually 
taken, by theorem the 6th, 7th, or 8th, and of their complements by 
the 3dz; then the ſines of the halves of theſe, and of their comple- 
ments, by the ſame theorems; and ſo on alternately of the halves 
and complements, till they arrive at an arc which is nearly equal to 
its fine. Thus, beginning with the above arc of 12 degrees, and its 
bne, we obtain the halves as follows: 
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The halves Their fines] 1 * 4 Sines | | The halves | Sines ] 
| ot theſe 1 11 
/ 8 
| 65 2 4.82 / 17431448 16 30 284053 
| 3 * 28 69 9335804] | 8 15 1434026 
Is | 150896 79 30 |\9832549] | 27 45 4656145 
2 pr 45 19955049 Comps. * 
Th ˖ : 40 39 17253744| | 57 8386706 
of theſe 68 1s [92880995] | 73 30 9588197 
* | 716301 | 
8 218 12.8212 81 45 989651 
+ 994521 — (94,407 br 
| g 8820 Tlie halves 62 15 8849876 
82 9986295 Ftheſ nds =] 
88 30 | 9996573 of theſe 6-266 Halves Y 
| 89 15 | 999914 oP 288756 28 30 [4771588 
— —— 4 de ere 1 14 i 
{ The halves b7 15 [2965416 36 45 5983246 
of theſe 39 45 (6394390 Cie | 
| 42 6691306 | 9 — 22 61 30 8788171 
21 3583679 The comp. 75 45 9692 309 
10 30 | 1822355 66 91354550 53 15 8012538 
5 15915016 55 30 8241262 — WW TT IIS 
%% OE (4 9 BY 
21 45 | 3705574 50 15 [7688418] ⁴ (2282. 
| 44 15 | 6977905 66 45 (9187912 Comp. | 
| 3 22 tek 59 8594064 


The fines of ſmall arcs are then deduced in this manner. From 
the fine of 45” above determined, are found the halves, which will 
8 : n ö | | 
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Now theſe laſt two ſines being evidently in the ſame ratio as their 
arcs, the ſines of all the leſs ſingle minutes will be found by ſingle 
proportion. So the 45th part of the fine of 45, gives 2909 for the 
fine of 17; which may be doubled, tripled, &c, for the ſines of 2 
„ Ke, up to' 45%... * 3 | 

Then, from all the foregoing primary fines, by the theorems for 
halving, doubling, or tripling, and by thoſe for the fums and diffe- 
rences, the reſt of the fines are deduced, to complete the quadrant. 


But having thus determined the fines and coſines of the firit 30? of 


the quadrant, that is the fines of the firſt and laſt 30®, thoſe of the 
intermediate 39* are, by theor. 4, found by one fingle ſubtraction fon 
each fine. | 
The fines of the whole quadrant being thus completed, the tan- 
gents are found by theor. 18, 19, 20, namely, for one half of the 
quadrant by the 18th and 1gth, and the other half, by one ſingle 
addition or ſubtraction for each, by the 2oth theorem. 
And laſtly, by theor. 24 and 25, the ſecants are deduced from the 
tangents by addition and ſubtraction only. | 
Among the various means uſed for conſtructing the canon of fines, 
tangents, and ſecants, the writers above enumerated ſeem not to have 


been 
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been poſſeſſed of the method of differences, ſo profitably uſed ſince, 
and firſt of all I believe by Briggs, in computing his trigonometrical 
canon and his logarithms, as we ſhall ſee hereafter when we come to 
deſcribe thoſe works. They took however the ſucceſſive differences of 
the numbers after they were computed, to verify or prove the truth of 
them; and if found erroneous, by any irregularity in the laſt diffe- 
rences, from thence they had a b of correcting the original 
numbers themſelves. At leaſt this method is uſed by Pitiſcus, Trig. 
lib. 2, where the differences are extended to the third order. — In 
pa. 44 of the ſame book alſo is deſcribed, for the firſt time that I 
know of, the common notation of decimal fractions as now uſed, 
And this ſame notation was afterwards deſcribed and uſed by baron 
Neper in pg/itio 4 and 5 of his poſthumous works on the conſtruction - 
of logarithms, publiſhed by his fon in the year 1619. But the deci- 
mal fractions themſelves may be conſidered as having been introduced 
by Regiomontanus, by his decimal diviſion of the radius, &c. of the 
circlez and from that time gradually brought into uſe ; but continued 
long to be denoted after the manner of vulgar fractions, by a line 
drawn between the numerator and denominator, which laſt however 
was ſoon omitted, and only the numerator ſet down, with the line 
below it; thus it was firſt 31435, then 3143+; afterwards omitting 
the line, it became 3135, and laitly'31,,, or 31.35, or 31'35: As 
may be traced in the works of Vieta, and others ſince his time, 
gradually into the preſent century. . 
Having often heard it remarked that the word /ne, or in Latin and 
French /nus, is of doubtful origin; and as the various accounts which 
I have ſeen of its derivation are very different from one another, it 


may not be amiſs here to employ a few lines on this matter. Some 


authors ſay this 1s an Arabic word, others that it is the fingle Latin 
word ſinus; and in Montucla's Hiftoire des Mathematiques it is conjec- 
tured to be an abbreviation of two Latin words. The conjecture is 
thus expreſſed by the ingenious and learned author of that excellent 
hiſtory, at pa. xxxiii, among the additions and corrections of the firſt 
volume: * A Poccaſion des ſinus dont on parle dans cette page, come 
d'une invention des Arabes, voict une etymologic de ce nom, tout-a-fait 
heureuſe & vraiſemblable. Je la dois a M. Godin, de VAcademie 
Royale des Sciences, Directeur de V'Ecole de Marine de Cadix. Les 
ſinus ſont, comme Pon ſcait, des moities de cords; & les cordes en 
Latin fe nomment in/cripte. Les ſinus ſont done ſemiſſes inſeriptarum, 
ce que probablement on ecrivit ainſi pour abreger, S. Ins. Dela en- 
ſuite s'eſt fait par abus le mot de ſinus.” Now, ingenious as this 
conjecture is, there appears to be little or no probability for the truth 
of it, For, in the firſt place, it is not in the leaſt ſupported by quo- 
tations from any of the more early books, to ſhew that it ever was the 
practice to write or print the words thus, S. Ing. upon which the con- 
jecture is founded. Again, it is ſaid the chords are called in Latin 
inſcriptæ; and it is true that they ſometimes are ſo : but I think they 
are more frequently called ſubtenſz, and the fines ſemiſſos ſubtenſarum 
of the double arcs, which will not abbreviate into the word ſus. 
But it may be ſaid, what reaſon have we to ſuppoſe this word to be 
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either a Latin word, or the abbreviation of any Latin words what« 
ever? and that it ſeems but proper to ſeek for the etymology of 
words in the language of the inventors of the things. For which 
reaſon it is, that we find the two other words, tangens and ſecanc, are 
Latin, as they were invented and uſed by authors who wrote in that 
language. But the fines are acknowledged to have been invented 
and introduced by the Arabians, and 3 by analogy it would 
ſeem probable that this is a word of heir language, and from them 
dopted, together with the uſe of it, by the Europeans. And indeed 
anſbergius, in the ſecond pa. of his ne above-mentioned, 
expreſsly ſays that it ig Arabic: His words are, Vox finus Arabica eff, 
er proinde barbara; ſed cum lango uſu approbata fit, commodior non 
ſuppetat, nequaguam repudianda eſt : 2 enim in verbis nos efſe oportet, 
cum de rebus convenit. And Vieta ſays ſomething to the ſame purport 
in pa. 9 of his Univerſalium Inſpectionum ad Canonem Mathematicum 
Liber : His words are, Breve finus vocabulum, cum fit artis, Saracenis 
prefertim quam familiare, non eſt ab artificibus explodendum, ad laterum 
ſemiſſium inſcriptorum denotationem, Qc. 

 Guarinus alſo is of the ſame opinion: in his Euclides Adauctus, Sc. 
rract. xx, pa. 307, he ſays, Sinus vero eff nomen Arabicum uſurpatum in 
hanc fignijficationem & mathematicis z although he was aware that a Latin 
origin was aſcribed to it by Vitalis, for he immediately adds, Licet 
Vitalis in fus Lexico Mathematico ex eo velit ſinum appellatum, quod 
elaudat curvitatem arcus. 

Long before I either ſaw or heard of any conjecture or obſervation 
concerning the etymology of the word Znus, I remember that I img- 
gined it to be taken from the ſame Latin word, ſignifying breaſt or 
boſom, and that our fine was fo called allegorically. I had obſerved 
that ſeveral of the terms in trigonometry were derived from a bow to 
ſhoot with, and its appendages; as arcus the bow, chorda the ſtring, 
and /agitta the arrow, by which name the verſed fine, which repre- 
ſents it, was ſometimes called; alſo that the tangens was ſo called 
from its office, being a line touching the circle, and ſecans from its cut- 
ting the ſame : I therefore imagined that the fnus was ſo called, either 
from its reſemblance to the breaſt or boſom, or from its being a line 
drawn within the boſom {/inus) of the arc, or from its being that 
part of the ſtring {choarda } of a bow {(arcus) which is drawn near 
the breaſt: ( ſinus) in the act of ſhooting. And perhaps Vitalis's 
definition, above-quoted, has ſome alluſion to the ſame ſimilitude. 

Alſo Vieta ſeems to allude to the ſame thing in calling fnus an 
allegorical word, m pa. 417 of his works as publiſhed by Schooten, 


Where, with his uſual judgment and preciſion, he treats of the pro- 


priety of the terms uſed in trigonometry for certain lines drawn in 
and about the circle; of which, as it very well deſerves, I ſhall here 
extract the principal part, to ſhew the opinion and arguments of ſa 
great a man on thoſe names. „ Arabes autem ſemiſſes inſcriptag 
duplo, numeris præſertim zſtimatas, vocaverunt allegorice SINUS, 
atque idco iplam ſemi-diametrum, quæ maxima elt ſemiſſium in- 
icriptarum, SINUM 'ToTUM. Et de iis ſua methodo canones exive- 
runt qui circumferuntur, ſupputante Præſertim Regiamontano fal 
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Juſte & accurate, in 113 etiam particulis qualium ſemidiameter adſu- 


itur 10,000,000. 

« Ex canonibus deinde ſinuum derivaverunt recentiores canonem 
ſemiſhum circumſcriptarum, quem dixere Fæcundum; & canonem 
eduCtarum è centro, quem dixere Fæcundiſſimum & Beneficum, hypo- 
tenuſis addictum. Atque adeò ſemiſſes circumſcriptas, numeris 
præſertim æſtimatas, vocaverunt Fecundos, Sinus numero ſve videlicet 
quanquam nihil vetat Fecundi nomen ſubſtantive accipi. Hypote- 
nuſas autem Beneficas, vel etiam fimpliciter Hypotenuſas: quoniam 
hypotenuſa in prima ſerie finis totius nomen retinet. Itaque ne 
novitate verborum res adumbretur, & alioqui ſua artificibus; eg 
nomine debita, preripiatur gloria, præpoſita in Canone Mathematico 
canonicis numeris inſeriptio, candidè admonet primam ſeriem effe 
Canonem Sinuum. In ſecunda vero, partem canonis fœcundi, partem 
canonis fœcundiſſimi, contineri. In tertia, reliquam. 

« Sane præter inſcriptas & circumſcriptas, citculum etiàm adficiunt 
alize line rectæ, velut Incidentes, 'Cangentes, & Secantes. Verum 
illæ voces ſubſtantive ſunt, non peripheriarum relative. Ac ſecare 
quidem circulum linea recta tunc intelligitur, cum in duobus punctis 
ſecat. Itaque non loquuntur benè geometricè, qui eductas è centro 
ad metas circumſcriptarum vocant ſecantes improprie, cum ſecantes 
& tangentes ad certos angulos vel peripherias referunt. Immò verò 
artem confundunt, cum his vocibus neceſſe habeat uti geometra abs 
relatione. | 

« Quare fi quibus arrideat Arabum metaphora; quæ quidem aut 
omnino retinenda videtur, aut omninò explodenda; ut ſemiſſes in- 
ſcriptas, Arabes vocant finus; fic ſemiſſes circumſeriptæ, vocentur 
Proſinus Amſinuſve; & eductæ è centro, Tranſſinuoſæœ. Sin alle- 
goria diſpliceat, geometrica ſane inſcriptarum & circumſcriptarum 
nomina retineantur. Et cum eductz e centro ad metas cireumſerip- 
tarum, non habeant hactenus nomen certum neque elegans, voceantur 
ſane proſemidiametri, quaſi protenſæ ſemidiametri, fe habentes ad ſuas 
circumſcriptas, ſicut ſemidiametri ad inſcriptas.“ 

Againſt the Arabic origin however of this word (uur may be 
urged its being varied according to the fourth declenſion of Latin 
nouns, like manus ; and that if it were an Arabic word latinized, it 
would have been ranked under either the firſt, ſecond, or third de- 
clenſion, as is uſual in ſuch adopted words. 

So that, upon the whole, it will perhaps rather ſeem probable, that 
the term ſinus is the Latin word anſwering to the name by which the 
Saracens called that line, and not their word itſelf. And this conjec- 
ture ſeems to be rendered ſtill more probable by ſome expreſſions in 
pa. 4 and 5 of Otho's Preface to Rheticus's Canon, where it is not 
only ſaid, that the Saracens called the half-chord of double the arc 
ſinus, but alſo that they called the part of the radius lying between 
the fine and the arc ſinus verſus, vel ſagitta, which are evidently Latin 
words, and ſeem to be intended for the Latin tranſlations of the 
names by which the Arabians called theſe lines, or the numbers 
expreſſing the lengths of them. 

D 2 OF 


— . -m 


Fr 
, N — * — 

= = a - - — 1 a 

* — 1 o - bk . . N 


pe 3 
. - * — 222 
t 


ö. . ————— —— —-— — 
2 þ + @ - * = 1 1 2 * . 5 Q n 
” - vs : we bi — 
= . — - N bp 4 ” 
* = , ' "hd * wo — 
* « a l don "©: l * 3 
_ : > bo 2 2 - a . — 


- — 44 > 


* - : =» 
— — Ae 
— 


— . - = — = 7 . 
E ˙ wu eu aL GE I nr ood ue Si er a>. "4 
- 


_— CO - + 
— 3 


. 
1 
4 
3 
1 
* 
5 


— RH Ds ow 
* — —_ 
9 


4 | . 20 1 


OF LOGARITH NVS 


W trigonometrical canon of natural ſines, de ar and ſecants, 
1 being now brought to a conſiderable degree of perfection; the 
great length and accuracy of the numbers, together with the increaſ- 
ing delicacy and number of aſtronomical problems and ſpherical tri- 
angles, to the reſolution of which the canon was applied, urged many 
perſons, converſant in thoſe matters, to endeavour to diſcover ſome 
means of diminiſhing the great labour and time, requiſite for ſo many 
multiplications and diviſions, in ſuch large numbers as the tables then 
conſiſted of. And their chief aim was, to reduce the multiplications 
and diviſions to additions and ſubtractions, as much as poſſible. 

For this purpoſe, Nicholas Raymer Urſus Dithmarſus invented an 
ingenious method, which ſerves for one caſe in the ſines, namely, 
when radius is the firſt term in the proportion, and the fines of two 
arcs are the ſecond and third terms; for he ſhewed that the fourth 
term or ſine would be found by only taking half the ſum or difference 
of the ſines of two other arcs, which ſhould be the ſum and difference 
of the leſs of the two former given arcs and the complement of the 
greater. This is no more in effect than the following well-known 
theorem in trigonometry : as half radius is to the ſine of one arc, 
ſo is the fine of another arc to the coſine of the difference minus the 
coſine of the ſum of the ſaid arcs. The author publiſhed this inge- 
nious device, in 1588, in his Fundamentum Aftronomie. And three or 
four years afterwards it was greatly improved by Clavius, who adapted 
it to all proportions in the reſolution of ſpherical triangles, both for 
lines, tangents, ſecants, verſed fines, &c.; and that whether radius 
be in the proportion or not. All which he explains very fully in 
lem. 53, lib. 1. of his treatiſe on the Aſtrolabe. See more on this 
ſubject in Longomont. Aſtron. Danica. p. 7 et ſeq. This method, 
although ingenious, depends not on any abſtract property of num- 
bers, but only on the relations of certain lines drawn in and about 
the circle; and it was therefore rather limited, and ſometimes at- 
* tended with trouble in the application. 

After perhaps various other contrivances, inceſſant endeavours at 
length produced the happy invention of logarithms, which are of 
direct and univerſal application to all numbers abſtractedly conſidered, 
being derived from a property inherent in themſelves. This property 
may be conſidered either as the relation between a geometricał ſeries 
of terms and a correſponding arithmetical one, or as the relation 
between ratios and the meaſures of ratios, which comes to much the 
ſame thing, having been conceived in one of theſe ways by ſome of 
the writers on this ſubject, and in the other by the reſt of them, as 
well as in both ways at different times by the ſame writer. A ſum- 
mary idea of this property, and of the probable reflections made on 
it by the firſt writers on logarithms, may be to the following effect: 

The learned calculators, about the cloſe of the 16th, and begin- 
ning of the 17th century, finding the operations of mne . 

; viſion 
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diviſion by very long numbers of 7 or 8 places of figures, which they 
had frequently occaſion to perform in ſolving problems relating to 
geography and aſtronomy, to be exceedingly troubleſome, ſet them- 
ſelves to conſider whether it was not poſlble to find ſome method of 
leſſening this labour, by ſubſtituting other eaſter operations in their 
ſtead. In purſuit of this object they reflected, that, ſince in every 
multiplication by a whole number, the ratio, or proportion, of the 
product to the multiplicand, is the ſame as the ratio of the multiplier 
to unity, it will follow that the ratio of the product to unity (which, 
according to Euclid's definition of compound ratios, is compounded 
of the ratios of the ſaid product to the multiplicand and of the multi- 
plicand to unity), muſt be equal to the ſum of the two ratios of the 
multiplier to unity and of the multiplicand to unity. Conſequently, if 
they could find a ſet of artificial numbers that ſhould be the repreſenta- 
tives of, or ſhould be proportional to, the ratios of all ſorts of numbers 
to unity, the addition of the two artificial numbers that ſhould repre- 
ſent the ratios of any multiplier and multiplicand to unity, would an- 
ſwer to the multiplication of the ſaid multiplicand by the ſaid multi- 
plier, or the ſum ariſing from the addition of the ſaid repreſentative 
numbers, would be the repreſentative number of the ratio of the pro- 
duct to unity; and conſequently the natural number to which it ſhould 
be found, in the table of the ſaid artificial or repreſentative numbers, 
that the ſaid ſum belonged, would be the product of the ſaid multipli- 
cand and multiplier. Having ſettled this principle as the foundation 
of their wiſhed-for method of abridging the labour of calculations, 
they reſolved to compdſe a table of ſuch artificial numbers, or num- 
bers that ſhould be repreſentatives of, or proportional to, the ratios of 
all the common of natural numbers to unity. 

The firſt obſervation that naturally occurred to them in the purſuit 
of this ſcheme was, that whatever artificial numbers ſhould be choſen 
to repreſent the ratios of other whole numbers to unity, the ratio of 
equality, or of ut ity to unity, mult be repreſented by o; becauſe ht 
ratio has properly no magnitude, ſince, when it is added to, or ſub- 
tracted from, any other ratio, it neither increaſes nor diminiſhes it. 
The ſecond cbſervation that occurred to them was, that any num- 
ber whatever might be choſen at pleaſure for the repreſentative of the 
ratio of any given natural number to unity; but that, when once ſuch 
choice was made, all the other cis Sha a numbers would be 
thereby determined, becauſe they mult be greater or leſs than that firſt 
repreſentative number, in the ſame proportions in which the ratios re- 
preſented by them, or the ratios of the correſponding natural numbers 
to unity, were greater or leſs than the ratio of the ſaid given natural 
number to unity. Thus, either 1, or 2, or 3, &c, might be chofen 
for the repreſentative of the ratio of 10 to 1. But, if 1 be choſen for it, 
the repreſentatives of the ratios of 100 to 1 and 1000 to 1, which are 


double and triple of the ratio of 10 to 1, mult be 2 and 3, and cannot 


be any other numbers; and, if 2 be choſen for it, the repreſentatives 
of the ratios of 100 to 1 and 1000 to 1 will be 4 and 6, and cannot be 
any other numbers; and, if 3 be choſen for it, the repreſentatives 2 
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the ratios of 100 to 1 and 1000 to 1 will be 6 and 9, and cannot be 


any other numbers; and fo on. 


The third obſervation that occurred to them was, that, as theſe 
artificial numbers were repreſentatives of, or proportional to, ratios 
of the natural numbers to unity, they muſt be exprethons of the num- 
bers of ſome ſmaller equal ratios that are contained in the ſaid ratios. 
Thus, if 1 be taken for the repreſentative of the ratio of 10 to 1, then 
3, which is the repreſentative of the ratio of 1000 to 1, will expreſs the 
number of ratios of 10 to 1 that are contained in the ratio of 1000 to 1. 
And if, inſtead of 1, we make 10,000,000, or ten millions, the repreſenta- 
tive of the ratio of to to 1, (in which caſe 1 will be the repreſentative of 
à very ſmall ratio, or ratiuncula, which is only the ten-millionth part 
of the ratio of 10 to 1, or will be the repreſentative of the 10, ooo, oooth 
root of 10, or of the firſt or ſmalleſt of 9,999,999 mean proportionals 
mterpoſed between 1 and 10), the repreſentative of the ratio of roco to 
1, which will in this caſe be 30,000,000, will expreſs the number of 
thoſe ratiunculz, or ſmall ratios of the 10,000,000th root of to to 1; 
which are contained in the ſaid ratio of 1000 to 1. And the like may 
be thewn of the repreſentative of the ratio of any other number to 
unity. And therefore they thought theſe artificial numbers, which 
thus repreſent, or are proportional to, the magnitudes of the ratios of 
the natural numbers to unity, might not improperly be called the 
Loc akrrumns of thoſe ratios, fince they expreſs the numbers of ſmal- 
ter ratios of which they are compoſed. And then, for the ſake of 
brevity, they called them the Logarithms of the faid natural numbers 
themſelves, which are the antecedents of the ſaid ratios to unity, of 
which they are in truth the repreſentatives. 

The foregoing method of conſidering this property, leads to much 
the fame concluſions as the other way, in which the relations between 
a geometrical ſeries of terms, and their exponents, or the terms of an 
arithmetical ſeries, are contemplated. In this latter way, it readily 
occurred that the addition of the terms of the arithmetical feries cor- 
reſponded to the multiplication of the terms of the geometrical ſeries ; 
and that the arithmeticals would therefore form a fet of artificial num- 
bers, which, when arranged in tables with their geometricals, would 
anſwer the purpoſes defrred, as has been explained above. 

From this property, by aſſuming four quantities, two of them as 
two terms in a geometrical ſeries, and the. others as the two corre- 


ſponding terms of the arithmeticals, or artificials, or logarithms, it is 


evident that all the other terms of both the two ſeries may thence be 


generated. And therefore there may be as many ſets or ſcales of loga- 


rithms as we pleafe, fince they depend entirely on the arbitrary aſſump- 


tion of the firſt two arithmeticals. And all poſſible natural numbers 


may be ſuppoſed to coincide with ſome of the terms of any geometrical 
progreſhon whatever, the logarithms or arithmeticals determining 
which of the terms in that progreſſion they are. | 
It was proper however that the arithmetical ſeries ſhould be ſo aſ- 
fumed, as that the term o in it might anſwer to the term 1 in the geo- 
metricals z otherwiſe the ſum of the logarithms of any two — 
4 would 
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would be always to be diminiſhed by the logarithm of 1, to give the 
logarithm of the product of thoſe numbers: for which reaſon, making 
o the logarithm of t, and aſſuming any quantity whatever for the value 
of the logarithm of any one number, the logarithms of all other num- 
bers were thence to be derived. And hence, like as the multiplication 
of two numbers is effected by barely adding their logarithms, ſo divis 
ſion is performed by ſubtracting the logarithm of the one from that 
of the other, raiſing of powers by multiplying the logarithm of the 
en number by 4 index of the power, and extraction of roots b 
dividing the logarithm by the index of the root. It is alſo evident, 
that, in all ſcales or ſyſtems of logarithms, the logarithm of o will be 
infinite; namely, infinitely negative if the logarithms increaſe with 
the natural numbers, but infinitely poſitive if the contrary ; becauſe 
that while the geometrical ſeries muſt decreaſe through infinite divi- 
ſions by the ratio of the progreſſion, before the quotient come to o or 
nothing; the logarithms, or arithmeticals, will in like manner un- 
dergo the correſponding infinite ſubtractions or additions of the com- 
mon equal difference; which equal increaſe or decreaſe, thus inde- 
finitely continued, muſt needs tend to an infinite reſult. 

This however was no newly diſcovered property of numbers, but 
what was always well known to all mathematicians, being treated of 
in the writings of Euclid, as alſo by Archimedes, who made great 
uſe of it in his Arenarius, or treatiſe on the number of the ſands, 
namely, in aſſigning the rank or place of thoſe terms, of a geome- 
trical ſeries, produced from the multiplication together of any of 
the foregoing terms, by the addition of the correſponding terms of 
the arithmetical ſeries, which ferved as the indices or exponents of 
the former. Stifelius alſo treats very fully of this property at folio 35 
et ſeq. and there explains all its principal uſes as relating to the loga- 
rithms of numbers, only without the name; ſuch as, that addition an- 
ſwers to multiplication, ſubtraction to diviſion, multiplication of expo- 
nents to involution, and dividing of exponents to evolution; all which 
he exemplifies in the rule-of-three, and in finding ſeveral mean propor- 
tionals, &, exactly as is done in logarithms. So that he ſeems to have 
been in the full poſſeſſion of the idea of logarithms, but without the 
neceſſity of making a table of ſuch numbers. For the reaſon why 


tables of theſe numbers were not ſooner compoſed, was, that the accu- 


racy and trouble of trigonometrical computations had not ſooner ren- 
dered them neceſſary. It is therefore not to be doubted, that, about 
the cloſe of the ſixteenth and beginning of, the ſeventeenth century, 
many perſons had thoughts of ſuch a table of numbers, beſides the 
jew who are ſaid to have attempted it. TY 
It has been ſaid by ſome, that Longomontanus invented logarithms : 
but this cannot well be ſuppoſed to have been any more than in idea, 
fince he never publiſhed any thing of the kind, nor ever laid claim 
to the invention, though he lived thirty-three years after they were 
firſt publiſhed by baron Napier, as he died only in 1647, when. they 
had been long known and receiyed all over Europe. Nay more, Lon- 
montanus himſelf aſcribes the invention to Napier: vid. Aſtron. 
auica, p. 7, KG, Some circumitances of this matter are * 7 
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lated by Wood in his Athenæ Oxonienſes, under the article Briggs, on 
the authority of Oughtred and Wingate, viz. © That one Dr. Craig 
a Scotchman, coming out of Denmark into his own country, called 
upon Joh. Neper baron of Marcheſton near Edenburgh, and told him, 
among other diſcourſes, of a new invention in Denmark (by Longo- 
montanus as *tis ſaid) to fave the tedious multiplication and divifion in 
aſtronomical calculations. Neper being ſolicitous to know farther of 
him concerning this matter, he could give no other account of it, 
than that it was by proportionable numbers. Which hint Neper 
taking, he deſired him at his return to call upon him again. Craig, 
after ſome weeks had paſted, did ſo, and Neper then ſhewed him a 
rude draught of that he called Canm mirabilis Logarithmorum. 
Which draught, with ſome alterations, he printing in 1614, it came 
forthwith into the hands of our author Briggs, and into thoſe of Will. 


Oughtred, from whom the relation of this matter came.” 


\ 
Kepler alſo fays, that one Juſte Byrge, aſſiſtant aſtronomer to the 
handgrave of Heſſe, invented or projected logarithms long before 
Neper did; but that they had never come abroad, on account of the 
great reſervedneſs of their author with regard to his own compoſitions. 
It is alſo ſaid, that Byrge computed a table of natural ſines for every 
two ſeconds of the quadrant. | 
But whatever mer have been ſaid or conjectured concerning any 
thing that may have been done by others, it is certain that the world 
is indebted, for the firſt publication of logarithms, to John Napier, 
or Nepair*, or in Latin, Neper, baron of Merchiſton, or Markinſton, 


— — — 3 —_— — 


The origin of which name Crawfurd informs us was from a (leſs) peerleſs action 
of one of his anceſtors, viz. Donald, ſecond ſon of the carl of Lenox, in the time of 
David the ſecond. “ Some Engliſh writers, miſtaking the import of the term baron, 
having called this celebrated perſon lord Napier, a Scotch nobleman. He was. not 
indeed a peer of Scotland: but the peerage of Scotland informs us, that he was of a 
very ancient, honourable, and illuſtrious family; that his anceſtors, for many gene- 
Tations, had been poſſeſſed of ſundry baronies, and, amongſt others, of the barony 
of Merchiftoun, which deſcended to him by the death of his father in 1608. Mr. 
Briggs, therefore, very properly ſtyles him Baro Mercheffonir, Now, according to 
Skene, de werborum fignificatione, * In this realm (of Scotland) he is called an 
Barrone, quha haldis his landes immediatelie in chiefe of the king, and hes power 
of Pit and Gallows; Fofſu ct Furca ; quhilk was firft inſtitute and granted be king 
Malcolme, quba gave power to the Barrones to have ane Pit, quhairin wemen con- 
demned for thicft {uid be drowned, and ane Gallows, whereupon men thieves aad 
treſpaſſow res ſuld be hanged, conforme to the doome given in the Barron Court 


thereanent.“ So that a Scotch baron, though no peer, was nevertheleſs a very conſider- 


able perſonage, both in dignity and power.” Reid s Efſay on Logarithms.—The name 
ef the illuſtrious inventor of logarithms, and his family, has bcen variouſly written at 
different times, and on difſerent occaſions. In his own Latin works, and in (perhaps) 
all other books in Latin, it is Neper, or Neperus Baro Mercheftonit : By Briggs, in 8 
letter to Archbiſhop Uſher, he is called Naber, lord of Markinflon : In Wright's 
tranſlation of the logarithms, which was reviſed by the author himſelf, and pub- 
liſhed in x616, he is called Nair, baron of Marchiflon; and the ſame by Crawfurd 
and ſome others: But M*Kenzie and others write jt Napier, baron of Mertbiſlon; 
which, being alſo the orthography now ufed by the family, I ſhall adopt in this 
work. I oblcrve alſo, that the Scorch Compendium of Honour ſays he was only 

Sir 
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in Scotland, who died the 3d of April 1618, at the age of 67 years. 
Baron Napier added conſiderable improvements to trigonometry, and 
the frequent numeral computations he performed in this branch, 
gave occaſion to his invention of logarithms, in order to ſave part. of 
the trouble attending thoſe calculations; and for this reaſon he 
adapted his tables peculiarly to trigonometrical uſes. 

This diſcovery he publiſhed in 1614, in his book mtituled Miriſici 
Logarithmorum Canonis Deſcriptis, reſetving the conſtriction of the num- 


bers till the ſenſe of the learned concerning his invention ſhould be 


known: And, excepting the conſtruction, this is a perfect work on 
this kind of logarithms, containing in effect the logarithms of all num- 
bers, and the logarithmic fines, tangents; and ſecants for every minute 
of the quadrant, together with the deſcription and uſes of the tables, 
as alſo his definition and idea of logarithms. _ Fs TN 

Napier explains his notion of logarithms by lines deſcribed or ge- 
nerated by the motion of points, in this manner : He hrit conceives a 
line to be generated by the equable motion of a point, which paſſes over 
equal portions of it in equal ſmall moments or portions of time: he then 
conſiders another line as generated by thc unequal motion of a point, in 
ſuch manner, that, in the aforeſaid equal moments or portions of 
time, there may be deſcribed or cut off, from a given line, parts which 
ſhall be continually in the ſame, proportion with the reſpective remain- 
ders, of that line, which had before been left : then are the {ſeveral 
lengths of the firſt line, the logarithms of the correſponding parts of 
the latter; Which defcription of theni is ſimilar to this, that the lo- 
garithms ate a ſeries of quantities or numbers in arithmetical progreſ- 
hon, adapted to another ſeries in geometrical progreſhon. The firit 
or whole length of the line, which is diminiſhed in geometrical pro- 
greſſion, he makes the radius of a circle, and its logarithm o or no- 
thing, repreſenting the beginning of the firſt or arithmetical line ; 
and the ſeveral proportional remainders of the geometrical line, are 
the natural ſines of all the other parts of the quadrant decreaſing down 
to nothing, while the ſucceſſive increafing values of the arithmetical 
line, are the correſponding logarithms of thoſe decreaſing fines : ſo that 
while the natural fines decreaſe from radius to nothing, their logarithms 
creaſe from nothing to infinite. Napier made the logarithm of radius 
to be o, that he might ſave the trouble of adding and ſubtracting it 
in trigonometrical proportions, in which it fo frequently occurred; 
and he made the logarithms of the fines, from the intire quadrant down 
to o, to increaſe, that they might be poſitive, and ſo in his opinion 
the eaſier to manage, the ſines being of more frequent uſe than the 
tangents and fecants, of which the whole of the latter and halt the 
former would, in his way, be of a different affection from the fines 
for it is evident that the logarithms of all the ſecants in the quadrant, 
and of all the tangents above 459, or the half quadrant, would be ne- 
gative, being the logarithms of numbers greater than the radius, whoſe 
logarithm is made equal to o or nothing. | 


— . . 
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dir John Napier, and that his ſon and heir, Archibald, was the firſt lord, being raiſed 
'v that dignity in 1626. Be this however as it may, I ſhall conform to the common 
modes of expreſſion, and call him indifferently, Baren Napier, or Lord Napier. 
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As to the contents of Napier's table; it conſiſts of the natural fines. 
and their logarithms, for every minute of the quadrant. Like molt 
other tables, the arcs are continued to 45 degrees from top to bottom 
on the left-hand ſide of the pages, and then returned backwards from 
bottom to top on the right-hand ſide of the pages: fo that the arcs and 
their complements, with the fines, natural and logarithmic, ſtand on 
the ſame line of the page, in fix columns; and in another column, in 
the middle of the page, are placed the differences between the loga- 
rithmic ſines and coſines, on the ſame lines, and in the adjacent co- 
lumns on the right and left; thus making in all ſeven columns in 
each page. Of theſe columns, the firſt and ſeventh contain the arc 
and its complement, in degrees and minutes; the fecond and ſixth, the 
natural fine and coſine of each are; the third and fifth, the logarithmic 

ſine and coſine; and the fourth, or middle column, the difference be- 
tween the logarithmic fine and coſine which are in the third and fifth 


columns. | . 
$$ To elucidate the deſcription, the firſt page of the table is here in- 
7: ſerted. 

1 Its © 4 12 
It} min. I Sinus IILogarithmi | Differentia|Logarithmiſl Sinus | 2 
171 0 O Iunnitum | luhmtum © '[10000c00 | 60 
7 1 | 2909] 81425681 | 814325680. n 
44 2 | 5818} 74494213 | 74404211 2 l v999%98 | 58 _ 
121 3 1 $727j] 70439560 | 70439560 8 | 9999990 | 57 
447 4 | 11635 07502746 | 65562739 7 || 9999993 | 56 
* it 5 1444 65331315 05337204 — 9999089 2 
$539 6 | 17453} 63508099 | 63508083 | 16 || 9999984 | 54 
1:18 7 20362 61966595 | 61966572 22 || 9999980 | 53 
404 8 | 23271]] 060631284 | bo6z1256] 28 [| 9599974 | 52 _ 
11 9 1258805945353 59453418 | 35 }| 9999907 | 5! 
4445 10 29088 58399857 | 53399814 43 || 9999959 | 50 
17 1 3199 L24472 | 57446797 [][ 52 || 9999959149 _ 
LH 123490 50576646 | 56576584 62 || 9999940 | 48 
| 1378180 55776222 | 55776149 73 |} 9999928 | 47 
14 | 4972411_55035148 | 55035064 BL 1} 9999917 | 40 _ 
15 436320 54345225 | 543451-9 go || 9999905 | 45 
16 46540 53699843 | 53649734 109 || 9999892 | 44 
17 | 49450 | 53093000 53092577 | 123 || 9499278 | 43_, 
18 | 52354] 52522019 | 52521881 | 138 i| 9999863 | 42 
19552580 51981356 | 51981202 154 || 9999847 [41 
20 1 58177] 51468431 | 51468361 170 |} 9999831 | 40 _ 
21 | b1086}] 50980537 | 5980450 187 || 9999813 | 39 
22 63995/ 50515342 | 50515137 205 j| $999795 | 39 
21 5984 50070827 | 50070603 FF 224 | 9999770 | 37 , 
24 69813/ 49645239 | 49044995 244 || 9999750 | 36 
25 | 727211} 49237030 | 49236765 205 999973635 
20 | 7503011 43844826 | 48844539 | 287 ll 99997'4 | 34, 
27 | 75339]] 48407431 | 48467122 309 || 9999092 | 33 
29 | $1448 43103763 | 48103431 | 332 || 9999668 | 32 
+29 1443571] 47752859 | 47:52503 | 356 [| 9999644 | 31 
32 | 8726s]| 47413852 | 47413471 | 381 [] 9999619 | 30 
| mine 
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Beſides the columns which are actually contained in this table, 
as above exhibited and deſcribed, namely, the natural and logarith- 
mic ſines, and their differences, the ſame table is made to ſerve alſo 
for the logarithmic tangents and ſecants of the whole quadrant, and 
for the logarithms of common numbers. For, the fourth or middle 
column contains the logarithmic tangents, being equal to the differ- 
ences between the logarithmic ſines and colinzs when the logarithm 
of radius is o, becauſe coſine : fine : : radius: tangent, that is, 
in logarithms, tangent = fine — coline. Alfo the logarithmic fines 
made negative become the logarithmic coſecants, and the logarithmic 


coſines made negative are the logarithmic fecants; becauſe fine: radius : : 


radius: coſecant, and coſine : radius : : radius: ſecant; that is, in 
logarithms, coſecant = o — fine = — fine, and ſecant = o — co- 
fine = — coline. And to make it anſwer the purpoſe of a table of 
logarithms*of common numbers, the author directs to proceed thus: 
A number being given, find that number in any table of natural 
fines, or tangents, or ſecants, and note the degrees and minutes in its 
arc; then in his table find the correſponding logarithmic fine, or tan- 
gent, or ſecant, to the ſame number of degrees and minutes; and it 
will be the required logarithm of the given number. 

After his definitions and deſcription of logarithms, Napier explains 
his table, and illuſtrates the precepts with examples, ſhewing how to 
take out the logarithms of fines, tangents, ſecants, and of common 
numbers; as alfo how to add and ſubtract logarithms. He then pro- 
ceeds to teach the uſes of thoſe numbers; and firit, in finding any 
of the terms of three or four proportionals, ſhewing how to multiply 
and divide, and to.find powers and roots, by logarithms : 2dly, in 
trogonometry, both plane and ſpherical, but eſpecially the latter, in 
which he is very explicit, turning all the theorems for every caſe 
into logarithms, computing examples\ to each in numbers, and then 
enumerating a ſet of aſtronomical problems of the ſphere which pro- 
perly belong to each caſe. Napier here teaches alſo ſome new theo- 
rems in ſpherical trigonometry, particularly that the tangent of half 
the baſe : tang. 3 ſum legs: : tang. 4 dif. legs: tang. + the alternate 
baſe; and the general theorem for what are called his five circular 
parts, by which he condenſes into one rule, in two parts, the theo- 
rems for all the caſes of right-angled ſpherical triangles, which had 
been ſeparately demonſtrated by Pitiſcus, Lanſbergius, Copernicus, 
Regiomontanus, and others. 8 

The deſcription and uſe of Napier's canon being in the Latin lan- 


guage, they were tranſlated into Engliſh by Mr. Edward Wright, 


an ingenious mathematician, and inventor of the principles of what 
has commonly, though erroneouſly, been called Mercator's Sailing. 
He ſent the tranſlation to the author, at Edinburgh, to be reviſed by 
him before publication; who having carefully peruſed it, returned 
it with his approbation, and a few lines introduced beſides into 
the tranſlation. But, Mr. Wright dying ſoon after he received it 
back, it was after his death publiſhed, together with the tables, but 


each number to one figure leſs, in the year 1616, by his ſon Samuel 


Wright, accompanied with a dedication to the Eaſt-India Company, 
E 3 as 
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as alſo a preface by Henry Briggs, of whom we ſhall preſently have 
occaſion to ſpeak more at large, on account of the great ſhare he 
boxe am perfecting the logarithms. In this tranſlation Mr. Briggs gave 


Alſo the deſcription and draught of a ſcale that had been invented by Mr, 


Wright, and ſeveral other methods of his own, for finding the pro- 
portional parts to intermediate numbers, the lo; garithms having been 
only printed for ſuch numbers as were the natural ſines of each mi- 
nute. And the note which Baron Napier inſerted in this Engliſh edi- 
tion, and which was not in the original, was as follows: “ But be- 
e cauſe the addition and ſubtraction of theſe former numbers may 
te ſeem ſomewhat painfull, I intend (if it ſhall pleaſe God) in a ſecond 
« edition, to ſet out ſuch logarithms as ſhall make thoſe numbers 
© above written to fall upon S cimal numbers, ſuch as 100,000,000 
* 200,000,000, 300, ooo, ooo, &c. which are eaſie to be added or abated 
© to or from any other number.“ This note had reference to the 
alteration of the ſcale of logarithms in ſuch manner, that 1 ſhould 
become the logarithm of the ratio of 10 to 1, inſtead of the number 
23025851, which Napier had made that logarithm in his table, and 
which alteration had before been recommended to him by Briggs, as 
we ſhall ſee preſently. Napier alſo inſerted a ſimilar remark in his 

Rabdelogia, which he printed at Edinburgh in 1617. 
The following is the preface to * Wright's book, which, as far as 
where 


a ts n 
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* Of this 1 ingenious man I ſhall here inſert in a note the following memoirs, as 
they have been tranſlated from a Latin piece taken out of the annals of Gonvile and 
Caius College at Cambridge, viz. ** This year (1615) died at London, Edward 
Wright of Garveſton in Norfolk, formerly a fellow of this college; a man reſpected 
by all for the integrity and ßimplicity of his manners, and alſo famous for his Kill! in 
the mathematical ſciences: ach that he was defervedly ſtyled a moſt excellent 
mathematician by Richard Hackluyt, the author of an original treatiſe of our Engliſh 
navigations. What knewledge he had acquired in the ſcience of mechanics, and how 
utefully he employed that knowledge to the public as well as private advantage, 
sbundantly appear both from the writings he publiſhed, and from the many mecha- 
nical opcrations ſtill extant, which are ſtanding monuments of his great induſtry and 
ingenuity. He was the firſt undertaker of that difficult but uſeful work, by which 
a little river is brought from the town of Ware in a new canal, to ſupply the city 
of London with water; but by the tricks of others he was hindered from completing 
the work he had begun, He was excellent both in contrivance and execution; nor 
was he inferior to the moſt ingenious mechanic in the making of inſtruments, either 
of braſs, or any other matter. To his invention is owing whatever advantage Hon- 


dius's geographical charts have above others; for it was our Wright that taught 


Jodocus Hondius the method of conſtructing them, which was till then unknown: 
but the ungrateful Hondius concealed the name of the true author, and arrogated the 
glory of the invention to himſelf. Of this fraudulent practice the good man 
could net help com; laiging, and juftly enough, in the preface to his Treatiſe of the 
Correction of Errors in the Art of Navigation ; which he compoſed with excellent 
judgment, and after long experience, to the great advancement of naval affairs. For 
the improvement of this art he was appointed mathematical lecturer by the Eaſt 
India Company, and read lectures in the houſe of that worthy knight Sir Thomas 
Smith, for which he had a yearly ſalary of 50 pounds. This office he diſcharged 
with great reputation, and much to the fatisfa&tion of his hearers. He publiſhed in 
En -lith, a book on the dectripe of the ſphere, and another concerning the con- 
ſtruction of ſun-dic's. He alſo pref x:d an ingenious preface to the a 
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where it mentions the change from the Latin into Engliſh, is a literal 
tranſlation of the preface to Napier's original ; but what follows that, 
is added by Napier himſelf. And I willingly inſert it here, as it con- 
tains a declaration of the motives which led to this diſcovery and as 
the book itſelf is very ſcarce. © Seeing there is nothing (right well 


beloved ſtudents in the mathematics) that is ſo troubleſome to Mathe- 


maticall practiſe, nor that doth more moleſt and hinder Calculators, 


than the Multiplications, Diviſions, ſquare and cubical Extractions 


of great numbers, which, beſides the tedious expence of time, are for 
the molt part ſubject to many ſlippery errors: I began therefore to 
conſider in my minde, by what certaine and ready Art I might remove 
thoſe hindrances. And having thought upon many things to this pur- 
poſe, I found at length ſome excellent briefe rules to be treated of 
(perhaps) hereafter. But amongſt all, none more profitable then this, 
which together with the hard and tedious Multiplications, Diviſions, 
and ExtraCtions of rootes, doth alſo caſt away from the worke it ſelfe, 
even the very numbers themſelves that are to be multiplied, divided, 
and reſolved into rootes, and putteth other numbers in their place, 
which performe as much as they can do, onely by Addition and Sub- 
traction, Diviſion by two, or Diviſion by three; which ſecret inven- 
tion, being (as all other good things are) ſo much the better as it ſhall 
be the more common; I thought good heretofore to ſet forth in La- 
tine for the publique uſe of Mathematicians. But now ſome of our 
Countrymen in this Ifland well affected to theſe ſtudies, and the more 
publique good, procured a moſt learned Mathematician to tranflate 
the ſame into our vulgar Engliſh tongue, who after he had finiſhed 
it, ſent the Coppy of it to me, to bee ſeene and conſidered on by myſeif. 
I having molt willingly and gladly done the fame, finde it to bee moſt 
exact and preciſely conformable to my minde and the originall. There- 
fore it may pleaſe you who are inclined to theſe ſtudies, to receive it 
from me and the "Tranſlator, with as much good will as we recom- 
mend it unto you, Fare yee well.” 


— — 
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bert's book on the load- ſtone. By theſe and other his writings, he has tranſmitted 
his fame to lateſt poſterity. While he was yet a fellow of this college, he could not be 
concealed in his private ſtudy, but was called forth to the public buſineſs of the 
kingdom, by the queen's majeſty, about the year 1593. He was ordered to attend 
the car! of Cumberland in ſome maritime expeditions. One of theſe he has given a 
faithful account of, in the way of a journal or ephemeris, to which he has os an 
elegant hydrographical chart of his own contrivance. A little before his death, he 
employed himſelf about an Engliſh tranſlation of the book of logarithms, then lately 
found cut by the honourable Baron Napier, a Scotchman, who had a great affection 
for kim. This poſthumous work of his- was publiſhed ſoon after, by his only ſor 


demucl Wright, who was alſo a ſcholar of this college. He had formed many other 


uſeful deſigns, but was hindered by death from bringing them to perfection. Of him 
It may be truly ſaid, that he ſtudied more to ſerve the public than himſelf ; and 
though he was rich in fame, and in the promiſes of the Great, yet he died poor, te 
the ſcandal of an ungrateful age.“ 

Other anecdotes of him, as well as many other mathematical authors, may be 
found in the curious hiſtory of navigation by Dr. James Wilſon, prefixed to Mr. 
Robertſon's excellent treatiſe on that fubject. 
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There are alſo extant copies of Wright's tranſlation with the date 
1618 in the title : but this is not properly a new edition, but only the 
old work with a new title-page adapted to it (the old one being can- 
celled), together with the addition of fixteen pages of new matter, 
called © An Appendix to the Logarithms, ſhewing the practice of the 
calculation of triangles, and alſo a new and ready way for the exact 
finding out of ſuch lines and logarithmes as are not preciſely to be 
found in the canons.” Bur we are not told by what author : probably 
it was by Briggs. 

Beſides the trouble attending Napier's canon, in finding the propor- 
tional parts, when uſed as a table of the logarithms of common num- 
bers, and which was in part remedied by the fore-mentioned contri- 
vances of Wright and Briggs, it was alſo accompanied with another 
inconvenience, which aroſe from the logarithms being ſometimes + 
or additive, and ſometimes — or negative, and which required there- 
fore the knowledge of algebraic addition and ſubtraction. And this 
inconvenience was occaſioned partly by making. the logarithm of 
radius to be o, and the fines to decreaſe, and partly by the compen- 
dious manner in which the author had formed the table; making the 
three columns of fines, coſines and tangents, to ſerve alſo for the other 
three of coſecants, ſecants, and cotangents. 

But this latter inconvenience was well remedied by John Speidell, 


in his New Logarithms, firit publiſhed in 1619, which contained all 


the fix columns, and in this order; fines, coſines, tangents, cotan- 
gents, ſecants, coſecants: and they were beſides made all poſitive, by be- 
ing taken the arithmetical complements of Napier's, that is, they were 
the remainders left by ſubtracting each of theſe latter from 10000000, 
And the former inconvenience was more effectually removed by the 
ſaid Speidell, in an additional table, given in the fixth impreſſion of 
the former work, in the year 1624. This was a table of Napier's 
logarithms for the round or integer numbers 1, 2, 3, 4, 5, &c, to 1000, 
together with their differences and arithmetical complements ; as alſo 
the halves of the ſaid logarithms, with their differences and arithme- 
tical complements; which halves confequently were the logarithms 
of the ſquare roots of the ſaid numbers. Theſe logarithms are how- 
ever a little varied in their form from Napier's, namely, ſo as to increaſe 
from 1, whoſe logarithm is o, inſtead of decreaſing % 1, or radius, 
whoſe logarithm Napier made o likewiſe ; that is, Speidell's logarithm 
of any number , is equal to Napier's logarithm of its reciprocal ;: 
ſo that in this laſt table of Speidell's, the logarithm of 1 being o, the 
logarithm of 10 is 2302584, the logarithm of 100 is twice as much of 
4605168, and that of 1000 thrice as much or 6907753. 

This table is now commonly called hyperbolic logarithms, becauſe 
the numbers expreſs the areas between the aſymptote and curve of the 
hyperbola, thoſe areas being limited by ordinates parallel to the other 
aſymptote, the ordinates decreaſing in geometrical progreſſion. But 
this is not a very proper method of denominating them, as ſuch areas 
may be made to denote any ſyſtem of logarithms whatever, as we {hall 
ſhew more at large in the proper place. 9 

In the year 1619, Robert Napier, ſon of the inventor of logarithmns, 


publiſh 


publiſhed a new edition of his late father's Logarithmorum Canonis 
Deſcriptio, together with the promiſed Logarithmorum Canonis Con- 

ructio, and other miſcellaneous pieces, written by his father and Mr. 
Briggs.—Alſo one Bartholomew Vincent, a bookſeller at Lugdunum, 
or Lyons, in France, printed there an exact copy of the ſame two 
works in one volume, in the year 1620; which was four years be- 
fore the logarithms were carried to France by Wingate, who was there- 
fore erroneouſly ſaid to have firſt introduced them into that country. 
But I ſhall treat more particularly of the contents of this work, after 
I have enumerated the other writers on this ſort of logarithms. 

In 1618 or 1619, Benjamin Urſinus, mathematician to the Elector 
of Brandenburg, publiſhed, at Cologn, his Curſus Mathematicus, in 
which is contained a copy of Napier's logarithms, with the addition 
of ſome tables of proportional parts. And in 1624, he printed at the 


. ſame place, his Trigonometria, with a table of natural fines and their 


logarithms, of the Napierian kind and form, to every ten ſeconds in 
the quadrant ; which he had been at much pains in computing. 

In the ſame year 1624, logarithms, of nearly the ſame kind, were 
alſo publiſhed, at Marpurg, by the celebrated John Kepler, mathemati- 
cian to the Emperor Ferdinand the Second, under the title of Chilias 
Logarithmorum ad Totidem Numeros Rotundos, præmiſſu Demonſtratione 
legitima Ortus Logarithmorum e:rumque Uſus, c. and the year follow- 
ing, a ſupplement to the ſame; being applied to round or integer 
numbers, and to ſuch natural ſines as nearly coincide with them. 
"Theſe are exactly the ſame ſort of logarithms as Napier's, being the 
ſame logarithms of the natural fines of arcs beginning from the quad- 
rant, whoſe fine or radius is 10,000,000, the logarithm of which is 
made o, and from thence the fines decreaſing by equal differences, 
down to o, or the beginning of the quadrant, whilſt their logarithms 
increaſe to inlinity. So that, the difference between this table and 
Napier's conſiſts only in this, namely, that in Napier's table the arc of 
the quadrant is divided into equal parts, differing by one minute each, 
and conſequently their fines, to which the logarithms are adapted, are 
irrational or interminate numbers, and only expreſſed by approximate 
decimals; whereas in Kepler's table, the radius is divided into equal 
parts, which are conſidered as perfect and terminate fines, having 
equal differences, and to which terminate fines the logarithms are 
here adapted. By this means indeed the proportions for mtermediate 
numbers and logarithms are eaſier made, but then the correſponding 
arcs are not terminate, but irrational, and only ſet down to an ap- 


proximate degree. So that Kepler's table is more convenient as a 


table of the logarithms of common numbers, and Napier's as the loga- 
rithmic ſines of the arcs of the quadrant. In both tables the logarithm 
of the ratio of 10 to 1, is the ſame quantity, namely 2302585 2; and 
as the radius, or greateſt fine, is 10,000,000, whoſe logarithm is made 
©, the logarithms of the decuple parts of it will be found by adding 
23025852 continually, or multiplying this logarithm by 2, 3, 4, &c. 
and hence the logarithm of 1, the firit number, or ſmalleſt fine, in the 
table, is 161180959, or 7 times 2302 & . 

Beſides 
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Beſides the two columns of the natural ſines and their logarithms; 
with the differences of the logarithms, this table of Kepler's conſiſts 
alſo of three other columns ; the firſt of which contains the neareſt 
arcs, belonging to thoſe ſines, expreſſed in degrees, minutes and ſez 
conds; and the other two expreſs what parts of the radius each fine 
is equal to, namely, the one of them in 24th parts of the radius, and 
minutes and ſeconds of them; and the other in Goth parts of the ra- 
dius, and minutes of them. | 8 

As a ſpecimen I have here extracted the laſt page of the table, printed 
exactly as in the work. 
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** To the table Kepler prefixes a pretty conſiderable tract, containing 
5 the conſtruction of the logarithms, and a demonſtration of their pro- 
Se perties and ſtructure, in which he conſiders logarithms, in the true 
ne and legitimate way, as the meaſures of ratios, as ſhall be ſhewn more 


Ad particularly hereafter in the next part, where 1 ſhall treat of the con- 
ſtruction of logarithms. 

Kepler alſo introduced the logarithmic calculus into his Rudolphine 
tables, publiſhed in 1627; and inſerted in that work ſeveral logarithmic 
ed tables; as, firſt, a table ſimilar to that above deſcribed, except that 

the ſecond, or column of ſines, or of abſolute numbers, is omitted, 

and inſtead of it another column is added, ſhewing what part of the 

quadrant each arc is equal to, namely, the quotient, expreſſed in inte- 
— gers and ſexageſimal parts, ariſing from the dividing the whole qua- 
drant by each given arc; 2dly, Napier's table of logarithmic fines to 
every minute of the quadrant ; alſo, two other ſmaller tables, adapted 
i for the purpoſes of eclipſes and the latitudes of the planets.—In this 
Y work, alſo, Kepler gives a ſummary account of logarithms, with the 
deſcription and uſe of thoſe that are contained in theſe tables. And 
4 here it is that he mentions Juſtus Byrgius, as having had logarithms 
II before Napier publiſhed them. 
Beſides the above, ſome few otRers publiſhed logarithms of the ſame 
| ſort about this time.—But let us now return to treat of the hiſtory of 
| the common or Briggs's logarithms, ſo called becauſe he firſt computed 
| them, and firſt mentioned them, and recommended them to Napier, 
| inſtead of the firſt ſort by him invented. 

| Mr. Henry Briggs, not leſs eſteemed for his great probity, and other 

| eminent virtues, than for his excellent {kill in mathematics, was, at 
the time of the publication of Napier's logarithms, in 1614, profeſſor 
* of geometry in Greſham college in London, having been appointed 
os the firſt profeſſor after its inſtitution z which appointment he held till 
| January 1620, when he was choſen, alſo the firſt, Savilian profeſſor 
of geometry at Oxford, where he died January the 26th, 1632, aged 
E about 74 years. | 
— On the publication of Napier's logarithms, Briggs immediately ap- 
ay himſelf to, the ſtudy and improvement of them. In a letter to 

r. (afterwards Archbiſhop) Uſher, dated the 10th of March 1615, 
| he writes,“ that he was wholly taken up and employed about the 
| noble invention of logarithms, lately diſcovered.” And again,“ Napier 
lord of Markinſton hath ſet my head and hands at work with his new 
and admirable logarithms :; I hope to ſee him this fummer, if it pleaſe 
= God; for I never ſaw a book which pleated me better, and made me 
4 more wonder.” Thus we find that Briggs began very early to come 
3 pute logarithms : but theſe were not of the ſame kind with Napier's, 
* in which the logarithm of the ratio of 10 to 1 was 23025851 &c.; 
for, in Briggs's firſt attempt, he made 1 the logarithm of that ratio; 
and, from the evidence we have, it appears he was the firſt perſon 
who formed the idea of this change in the ſcale, which he preſently 
and generouſly communicated, both to the public in his lectures, and 
to lord Napier himſelf, who afterwards ſaid that he alſo had thought 
e the ſame thing; as appears by ”w fallowing extract, tranſlated __ 
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the preface to Briggs's Arithmetica Logarithmica : © Wonder not (fays 
he) that theſe logarithms are different from thoſe which the excellent 
baron of Marchiſton publiſhed in his Admirable Canon. For when 1 
explained the doctrine of them to my auditors at Greſham college in 
London, I remarked that it would be much more convenient, the lo- 
garithm of the fine total or radius being o (as in the Canon Mirificus), 
if the logarithm of the 19th part of the ſaid radius, namely, of 5* 44” 
21”, were 100000 &c.z and concerning this I preſently wrote to 
the author; alſo, as ſoon as the ſeaſon of the year and my public 
teaching would permit, I went to Edinburgh, where being kindly re- 
ceived by him, I ſtaid a whole month. But when we began to con- 
verſe about the alteration of them, he ſaid that he had formerly thought 
of it, and wiſhed it; but that he choſe to publiſh thoſe that were al- 
ready done, till ſuch time as his leiſure and health would permit him 
to make others more convenient. And as to the nature of the-change, 
he thought it more expedient that o ſhould be made the logarithm of 
1; and 100000 &c, the logarithm of radius; which I could not but 
acknowledge was much better. Therefore, rejecting thoſe which I 
had before prepared, I proceeded, at his exhortation, to calculate 
theſe : and the next ſummer I went again to Edinburgh, to ſhew him 
the principle of them; and ſhould have been glad to do the ſame the 
third ſummer, if it had pleaſed God to ſpare him ſo long.” 

So that it is plain that Briggs was the inventor of the preſent ſcale 
of logarithms, in which 1 is the logarithm of the ratio of 10 to 1, and 
2 that of 100 to 1, &c.; and that the ſhare which Napier had in them 
was only adviſing Briggs to begin at the loweſt number 1, and make 
the logarithms, or artificial numbers, as Napier had alſo called them, 
to zncreaſe with the natural numbers, inſtead of decreaſing ; which made 
no alteration in the figures that expreſſed Briggs's logarithms, but only 
in their affection or ſigns, changing them from negative to poſitive; 
ſo that Briggs's firſt logarithms to the numbers in 
the ſecond column of the annexed tablet, would © 8 
have been as in the firſt column; but after they | \B Num. N 
were changed, as they are here in the third co- — 
lumn; which is a change of no eſſential difference, n 10 (. 
as the logarithm of the ratio of 10 to 1, the radix 5 "OOT 1-23 
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of the natural ſyſtem of numbers, continues the ws 
ſame, a change in the logarithm of that ratio bein F4 : 2 
the only circumitance that can eſſentially alter the [|_; 10 l 
ſyſtem of logarithms, the logarithm of 1 being o. =2 10 
And the reaton why Briggs, after that interview, —3 ioo 3 
rejected what he had before done, and began anew, — u | 10* | al 
was probably becauſe he had adapted his new + — 
logarithms to the approximate ſines of arcs, inſtead | 
of the round or integer numbers, and not from their being logarithms 
of another ſyſtem, as were thoſe of Napier. 

On Briggs's return from Edinburgh to London the ſecond time, 
namely, in 1617, he printed the firſt thouſand logarithms, to eight 
places of figures beſides the index, under the title of Logarithmorum 
Chilias Prima. But theſe ſeem not to have been publiſhed till _ 
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the death of Napier, which happened on the 3d of April 1618, as 
before ſaid z for, in the preface to them, Briggs ſays, © Why theſe 
logarithms differ from thoſe ſet forth by their moit illuſtrious inventor, 
of ever reſpectful memory, in his Canon Mirificus, 1T Is TO BE HOPED 
his poſthumous work will ſhortly make appear.” And as Napier, 
after communication had with Briggs on the ſubject of altering the 
icale of logarithms, had given notice, both in Wright's tranſlation, 
and in his own Raddslogia, printed in 1617, of his intention to alter 
the ſcale (though it appears very plainly that he never intended to 
compute any more), without making any mention of the ſhare which 
Briggs had in the alteration, this gentleman modeſtly gave the above 
hint. But not finding any regard paid to it in the ſaid poſthumous 
work, publiſhed by lord Napier's fon in 1619, where the alteration 
is again adverted to, but {till without any mention of Briggs; this 
gentleman thought he could not do leſs than ſtate the grounds of that 
alteration himſelf, as they are above extracted from his work publiſhed 
m 1624. | 

Thus, upon the whole matter, it ſeems evident that Briggs, whe- 
ther he had thought of this improvement in the conſtruction of loga- 
rithms, of making 1 the logarithm of the ratio of 10 to 1, before lord 
Napier, or not, (which is a ſecret that could be known only to Napier 
himſelf), was the firſt perſon who communicated the idea of ſuch an 
improvement to the world; and that he did this in his lectures to his 
auditors at Greſham college in the year 1615, very ſoon after his per- 
uſal of Napier's Canon Miriſicus Logarithmorum in the year 1614. He 
alſo mentioned it to Napier, both by letter in the ſame year, and on 
his firſt viſit to him in Scotland in the ſummer of the year 1616, when 
Napier approved the idea, and ſaid it had already occurred. to himſelf, 
and that he had determined to adopt it. It would therefore have been 
more candid in lord Napier to have told the world, in the ſecond edi- 
tion of this book, that Mr. Briggs had mentioned this improvement to 
him, and that he had thereby been confirmed in the refolution he had 
already taken, before Mr. Briggs's communication with him, to adopt 
it in that his ſecond edition, as being better fitted to the decimal 
notation of arithmetic which was in general uſe. Such a declaration 
would have been but a piece of juſtice to Mr. Briggs; and the not 
having made it, cannot but incline us to ſuſpect that lord Napier was 
deſirous that the world ſhould aſcribe to him alone the merit of this 
very uſcful improvement of the logarithms, as well as that of having 
originally invented them; though, if the having firſt communicated 
an invention to the world be ſufficient to entitle a man to the honour 
of having firſt invented it, Mr. Briggs had the better title to be called 
the firſt inventor of this happy improvement of logarithms. 
In 1620, two years after the CHilias Prima of Briggs came out, Mr. 
Edmund Gunter publiſhed his Canon of Triangles, which contains the 
artificial or logarithmetic fines and tangents, for every minute, to 
leven places of figures, beſides the index, the logarithm of radius be- 
ing i0'0 &c. Theſe logarithms are of the kind laſt agreed upon by 
Napier and Briggs, and they were the firſt tables of logarithmic ſines 
and tangents that were publiſhed of this ſort. Gunter, alſo, in 1623, 
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the preface to Briggs's Arithmetica Legarithmica : © Wonder not (fays 
he) that theſe logarithms are different from thoſe which the excellent 
baron of Marchi/lon publiſhed in his Admirable Canon. For when 1 
explained the doctrine of them to my auditors at Greſham college in 
London, I remarked that it would be much more convement, the lo- 
garithm of the ſine total or radius being o (as in the Canon Miriſicus), 
if the logarithm of the 19th part of the ſaid radius, namely, of 5 44” 
21”, were 100000 & c.; and concerning this I preſently wrote to 
the author; alſo, as ſoon as the ſeaſon of the year and my public 
teaching would permit, I went to Edinburgh, where being kindly re- 
ceived by him, I ſtaid a whole month. But when we began to con- 
verſe about the alteration of them, he ſaid that he had formerly thought 
of it, and wiſhed it; but that he choſe to publiſh thoſe that were al- 
ready done, till ſuch time as his leiſure and health would permit him 
to make others more convenient. And as to the nature of the change, 
he thought it more expedient that o ſhould be made the logarithm of 
1; and 100000 &c, the logarithm of radius; which I could not but 
acknowledge was much better. Therefore, rejecting thoſe which I 
had before prepared, I proceeded, at his exhortation, to calculate 
theſe : and the next ſummer I went again to Edinburgh, to ſhew him 
the principle of them; and ſhould have been glad to do the ſame the 
third ſummer, if it had pleaſed God to ſpare him ſo long.” | 
So that it is plain that Briggs was the inventor of the preſent ſcale 
of logarithms, in which 1 is the logarithm of the ratio of 10 to 1, and 
2 that of 100 to 1, &c.; and that the ſhare which Napier had in them 
was only advifing Briggs to begin at the loweſt number 1, and make 
the logarithms, or artihcial numbers, as Napier had alſo called them, 
to increaſe with the natural numbers, inſtead of decreaſing ; which made 
no alteration in the figures that expreſſed Briggs's logarithms, but only 
in their affection or ſigns, changing them from negative to poſitive z 
ſo that Briggs's firſt logarithms to the numbers in 
the ſecond column of the annexed tablet, would | 1 
have been as in the firſt column; but after the B Num. N 
were changed, as they are here in the third co- 


lumn; which is a change of no eſſential difference, , 10 |—n: 
as the logarithm of the ratio of 10 to 1, the radix 3er 
of the natural ſyſtem of numbers, continues the - wy os. 
ſame, a change in the logarithm of that ratio bein : : 12 4 
the only circumſtance that can eſſentially alter the 1 10 x 


ſyſtem of logarithms, the logarithm of 1 being o. 
And the reaſon why Briggs, after that interview, 
rejected what he had before done, and began anew, — 2 | 10* | n 
was probably becauſe he had adapted his new | 
logarithms to the approximate fines of arcs, inſtead 118 | 
of the round or integer numbers, and not from their being logarithms 
of another ſyſtem, as were thoſe of Napier. | 
On Briggs's return from Edinburgh to London the ſecond time, 
namely, in 1617, he printed the firſt thouſand logarithms, to eight 
places of figures beſides the index, under the title of Logarithmorum 
Chilias Prima. But theſe ſeem not to have been pyblithed till oo 
; 6 
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the death of Napier, which happened on the 3d of April 1618, as 


logarithms differ from thoſe ſet forth by their moit illuſtrious inventor, 
of ever reſpectful memory, in his Canon Mirificus, IT 1s TO BE HOPED 
his poſthumous work will ſhortly make appear.” And as Napier, 
after communication had with Briggs on the ſubject of altering the 
ſcale of logarithms, had given notice, both in Wright's tranſlation, 
and in his own Raddelogia, printed in 1617, of his intention to alter 
the ſcale (though it appears very plainly that he never intended to 
compute any more), without making any mention of the ſhare which 
Briggs had 1n the alteration, this gentleman modeſtly gave the above 
hint. But not finding any regard paid to it in the ſaid poſthumous 
work, publiſhed by lord Napier's fon in 1619, where the alteration 
is again adverted to, but {till without any mention of Briggs; this 


gentleman thought he could not do leſs than ſtate the grounds of that 


alteration himſelf, as they are above extracted from his work publiſhed 
in 1624. | 

Thus, upon the whole matter, it ſeems evident that Briggs, whe- 
ther he had thought of this improvement in the conſtruction of loga- 
rithms, of making 1 the logarithm of the ratio of 10 to 1, before lord 
Napier, or not, (which is a ſecret that could be known only to Napier 
himſelf), was the firſt perſon who communicated the idea of ſuch an 
improvement to the world; and that he did this in his lectures to his 
auditors at Greſham college in the year 1615, very ſoon after his per- 
uſal of Napier's Canon Miriſicus Logarithmorum in the year 1614. He 
alſo mentioned it to Napier, both by letter in the ſame year, and on 
his firſt viſit to him in Scotland in the ſummer of the year 1616, when 
Napier approved the idea, and ſaid it had already occurred. to himſelf, 
and that he had determined to adopt it. It would therefore have been 
more candid in lord Napier to have told the world, in the ſecond edi- 
tion of this book, that Mr. Briggs had mentioned this improvement to 
him, and that he had thereby been confirmed in the reſolution he had 
already taken, before Mr. Briggs's communication with him, to adopt 
it in that his ſecond edition, as being better fitted to the decimal 
notation of arithmetic which was in general uſe. Such a declaration 
would have been but a piece of juſtice to Mr. Briggs; and the not 
having made it, cannot but incline us to ſuſpect that lord Napier was 


deſirous that the world ſhould aſcribe to him alone the merit of this 


very uſeful improvement of the logarithms, as well as that of having 
originally invented them; though, if the having firſt communicated 
an invention to the world be ſufficient to entitle a man to the honour 
of having firſt invented it, Mr. Briggs had the better title to be called 
the firſt inventor of this happy improvement of logarithms. 

In 1620, two years after the CHilias Prima of Briggs came out, Mr. 
Edmund Gunter publiſhed his Canon of Triangles, which contains the 
artificial or logarithmetic ſines and tangents, for every minute, to 
leven places of figures, beſides the index, the logarithm of radius be- 
ing i0'0 &c. Theſe logarithms are of the kind laſt agreed upon by 
Napier and Briggs, and they were the firſt tables of logarithmic fines 
and tangents that were publiſhed of this ſort. Gunter, alſo, in 1623, 
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before ſaid; for, in the preface to them, Briggs ſays, * Why theſe 
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reprinted the fame in his book De Sectore et Radio, together with the 
Chilias Prima of his old colleague Mr. Briggs, he being profeſſor of 
aſtronomy at Greſham college when Briggs was profeſſor of geometr 
there, Gunter having been elected to that office the 6th of March 
1619, and enjoyed it till his death, which happened on the 1oth of 
December 1626, about the forty-fifth year of his age. In 1623, alſo, 
Gunter applied theſe logarithms of numbers, ſines, and tangents, to 
ſtraight lines drawn on a ruler z with which, proportions in common 
numbers and trigonometry were refolved by the mere application of a 
pair of compailes z a method founded on this property, that the loga- 
rithms of the terms of equal ratios are equidifferent. This inſtrument 
in the form of a two-foot fcale, is now in common uſe for navigation 
and other purpoſes, and is commonly called the Gunter. He alfo 
greatly improved the ſector for the ſame uſes. Gunter was the firit who 
uſed the word cone for the fine of the complement of an arc. He alſo 
introduced the uſe of arithmetical complements into the logarithmical 
arithmetic, as is witneſſed by Briggs, chap. xv. Arith. Log. And it 
has been ſaid, that he ſtarted the idea of the logarithmic curve, which 
was ſo called becauſe the ſegments of its axis are the logarithms of the 
correſponding orginates. | 

The logarithmic lines were afterwards drawn in various other ways: 
In 1627, they were drawn by Wingate on two feparate rulers ſliding 
againſt each other, to ſave the uſe of compaſſes in reſolving proportions. 
They were alſo, in 1627, applied to concentric circles, by Oughtred: 
Then in a fpiral form, by a Mr. Milburne of Yorkſhire, about the 
year 1650. And, laſtly, in 1657, on the prefent ſliding rule, by Seth 
Partridge. | 

The diſcoveries relating to Iogazithms were carried to France by 
Mr. Edmund Wingate, but not firſt of all, as he erroneouſly fays in 
the preface to his book. He publiſhed at Paris, in 1624, two ſmall 
tracts in the French language; and afterwards at London, in 1626, 
an Engliſh edition of the ſame, with improvements. In the firſt of 
theſe, he teaches the ufe of Gunter's ruler z and in the other, that of 
Briggs's logarithras, and the artificial ſizes and tangents. Here are 
contained, alſo, tables of thoſe logarithras, fines, and tangents, copied 
from Gunter. The edition of theſe logarithms printed at London in 
1635, and the former editions alſo I ſuppoſe, has the units figures 
diſpoſed along the tops of the columns, and the tens down the margins, 
like our tables at preſent; but the whole logarithm, which was only 
to ſix places of figures, in the angle of meeting: which is the firft in- 
ance that I have feen of this mode of arrangement. 

But proceed we now to the larger ſtructure of logarithms. 

Briggs had continued from the beginning ro labour with great in- 
duſtry at the computation of thoſe logarithms of which he before 
publithed a ſhort ſpecimen in fmall numbers. Arid, in 1624, he pro- 
duced his Arithmettca Logarithmica—a ſtupendous work for ſo ſhort a 
time containing the logarithms of 30000 natural numbers, to four- 
teen places of figures beſides the index, namely, from r to 20000, 
and from 90000 to 100000 together with the differences of the lo- 
garithms.. Some writers fay that there was another chiliad;, namely, 
from 1900609 to 101000 3 but none of the copies that I have ſeen have 

«= more 
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more than the 30000 above mentioned, and they were all regularly 
terminated in the uſual way with the word Fixis. The preface to 
theſe logarithms contains, among other things, an account of the 
alteration made in the ſcale by Napier and himſelf, from which we 


before gave an extract; and an earneſt folicitation to others to under! 
take the computation for the intermediate numbers; offering to — | 


inſtructions, and paper ready ruled for that purpoſe, to any perſons 
io inclined to contribute to the completion of ſo valuable a work. In 
the introduction, he gives alſo an ample treatiſe on the conſtruction 
and uſes of theſe logarithms, which will be particularly deſcribed, 
hereafter By this invitation, and other means, he had hopes of 
collecting matetials for the logarithms of the intermediate 70000 
numbers, whilſt he ſhonld employ his ewn labour more immediately 
upon the canon of logarithmic fines aid tangents, and fo carry on 
both works at once; as indeed they were both Equally neceſſary, and 
he himfelf was now pretty far advanced in years. | 

Soon after this, Adrian Vlacq, or Flack, of Gouda in Holland, 
completed the intermediate feventy chiliads, and republiſhed the Arith- 


5 . 


inetica Logarithinica at that place, in 1627 and 1628, with thoſe inter- 


mediate numbers, making in the whole the logarithms of all numbers 
to 190000, but only to ten places of figures. To theſe was added a 
table of artificial ſines, tangents, and ſecants, to every minute of the 
quadrant | * MAL IRS 
Briggs himſelf lived alſo to complete a table of logarithmie fines 
and tangents for the hundredth part of every degree, to fourteen places 
of figures beſides the index; together with a table of natural ſines for 
the ſame parts to fifteen places, and the tangents and ſecants for the 
fame to ten places; with the conſtruction of the whole. Theſe tables 
were printed at Gouda, under the care of Adrian Vlacq, and moſtly 
finiſhed off before 1631, tho' not publiſhed till 1633: But his death, 
which then happened, prevented him from completing the application! 
and uſes of them. However, the performing of this office, when 
dying, he recommended to his friend Henry Gellibrand, who was then 
profeſſor of aſtronomy in Greſham college, having ſucceeded Mr: 
Gunter m that appointment. Gellibrand accordingly added a preface, 
and the application of the logarithms to plain and ſphericat trigono- 
metry, &c. ; and the whole was printed at Gouda by the ſame printer, 
and brought out in the ſame year, 1633, as the Trigonometria Artifi- 
cialis of Vlacq, who had the care of the preſs, as above ſaid. This 
work was called Trigononietria Britannica; and beſides the arcs in 
degrees and centeſms of degrees, it has another column, containing 
- minutes and ſeconds anfwering to the ſeveral ceateſms in the firſt 
column. 6. | 
In 1633, as mentioned above, Vlacq printed, at Gouda in Holland, 
his Trigonometria Artificialis ; five Magnus Canon Triangulorum Logas 
rithmicus ad Decadas Secundorum Scrupulorum conſtructur. This work 
contains the logarithmic ſines and tangents to ten places of figures, 
with their differences, for every ten wok in the quadrant. To 


them is alſo added Briggs's table of the firſt 20000 logarithms, but 
carried only to ten places of figures beſides the index, with their dif- 
lerences. The whole is preceded by à deſcription of the _— 
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and the application of them to plane and ſpherical trigonometry, 
chicfly extracted from Briggs's Trigonometria Britannica, mentioned 
above. 

Gellibrand publiſhed alſo, in 1635, An Infiitution Trigonometricall, 
containing the logarithms of the firit 10000 numbers, with the na- 
tural ſines, tangents, and ſecants, and the logarithmic fines and 
tangents, for degrees and minutes, all to ſeven places of figures be- 
ſides the index; as alſo other tables proper for navigation; with 
the uſes of the whole. Gellibrand died the gth of February 1636, 
in the 4oth year of his age, to the great loſs of the mathematical 
world. | | 

Beſides the perſons hitherto mentioned, who were moſtly computers 
of logarithms, many others have alſo publiſhed tables of thoſe artificial 
numbers, more or leſs complete, and ſometimes improved and varied 
in the manner and form of them. I ſhall here juſt advert to a few of 
the principal of theſe. | 

In 1626, D. Henrion publiſhed, at Paris, a treatiſe concerning 
Briggs's logarithms of common numbers from 1 to 20000, to eleven 
places of figures ; with the fines and tangents to eight places only. 

In 1631, was printed, at London, by one George Miller, a book 
containing Briggs's logarithms, with their differences, to ten places of 
figures beſides the index, for all numbers to 100000 ; as alfo the loga- 
rithmic fines, tangents, and ſecants, for every minute of the quadrant; 
with the explanation and uſes in Engliſh. 

The ſame year, 1631, Richard Norwood publiſhed his Trigonome- 
trie; in which we find Briggs's logarithms for all numbers to 10000, 
and for the ſines, tangents, and ſecants, to every minute, both to ſeven 
places beſides the index.—In the concluſion of the trigonometry, he 
complains of the unfair practices of printing Vlacq's book in 1627 or 
1628, and the book mentioned in the. laſt article. His words are, 
«© Now, whereas I have here, and in ſundry places in this book, cited 
Mr. Briggs his Arithmetica Logarithmica, (leſt I may ſeem to abuſe the 
reader), you are to underſtand not the book put forth.about a month 
Gnce in Englith, as a tranſlation of his, and with the ſame title; bein 
nothing like his, nor worthy his name; but the book which himſelf 
put forth with this title in Latin, being printed at London anno 1624- 
And here I have juſt occaſion to blame the ill dealing of theſe men, 
both in the matter before mentioned, and in printing a ſecond edition 
of his Arithmetica Logarithmica in Latin, whilſt he lived, againſt his 
mind and liking z and branght them over to ſell, when the firſt were 
unſold ; ſo fruſtrating thoſe additions which Mr. Briggs intended in 
his ſecond edition, and moreover leaving out ſome things that were in 
the firſt edition, of ſpecial moment: a practice of very ill conſequence, 
2 tending to the great diſparagement of ſuch as take pains in this 

ind.“ 1 

Francis Bonaventure Cavalerius publiſhed at Bologna, in 1632, his 
Directorium Generale Uranometricum, in which are tables of Briggs's 
logarithms of ſines, tangents, ſecants, and verſed fines, each to eight 
places, for every ſecond of the firft five minutes, for every five ſeconds 
from five to ten minutes, for every ten ſeconds from ten to twenty 

minutes, 
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minutes, for every twenty ſeconds from twenty to thirty minutes, for 
every thirty ſeconds from zo“ to 15 30“, and for every minute in the 
reſt of the quadrant; which is the firſt table of logarithmic verſed fines 
that I know of. In this book are contained alſo the logarithms of the 
firſt ten chiliads of natural numbers, namely, from 1 to 10000, dif- 
oſed in this manner: all the twenties at top, and from 1 to 19 on the 
ſide, the logarithm of the ſum being in the ſquare of meeting. In 
this work, alſo, I think Cavalerius firſt gave the method of finding the 
area or ſpherical furface contained by various arcs deſcribed on the 
ſurface of a ſphere, | 5 ä 
Alſo, in the Trigonometria of the ſame author, printed in 1643, be- 
ſides the logarithms of numbers from 1 to 1000, to eight places, with 
their differences, we find both natural and logarithmic ſines, tangents, 
and ſecants, the former to ſeven, and the latter to eight places; 
namely, to every 10” of the firſt 30 minutes, to every 30“ from 307 
to 1; and the ſame for their complements, or backwards through 
the laſt degree of the quadrant ; the intermediate 88 being to every 
minute only 

Mr. Nathaniel Roe, “ Paſtor of Benacre in Suffolke,” alſo reduced 
the logarithmic tables to a contracted form, in his Tabule Logarithmice, 
printed at London in 1633. Here we have Briggs's logarithms of 
numbers from 1 to 100000, to eight places; the fifties placed at top, 
and from 1 to 50 on the fide; alſo the firſt four figures of the loga- 
rithms at top, and the other four down the columns. They contain 
alſo the logarithmic fines and tangents to every 100th part of degrees, 
to ten places. | | 
Ludovicus Frobenius publiſhed at Hamburgh, in 1634, his Clavis 
Univerſa Trigonometrie, containing tables. of Briggs's logarithms of 
numbers from 1 to 2000; and of fines, tangents, and ſecants, for 

every minute; both to ſeven places. | 
But the tables of logarithms of common numbers was reduced to 
its moſt convenient form 'by John Newton, in his Trigonometria Bri- 
tannica, printed at London in 1658, having availed himſelf of both the 
improvements of Wingate and Roe, namely, uniting Wingate's dif- 
poſition of the natural numbers with Roe's contracted arrangement 
of the logarithms, the numbers being all diſpoſed as in our beſt tables 
at preſent, namely, the units along the top of the page, and the tens 
down the left-hand fide, alſo the firſt three figures of each logarithm 
in the firſt column, and the remaining five figures in the other co- 
lumns, the logarithms being to eight places. This work contains alſo 
the logarithmic fines and tangents, to eight figures beſides the index, 
for every 100th part of a degree, with their differences, and for roooth 
parts in the firſt three degrees. In the preface to this work, Newton 
takes occaſion, as Wingate and Norwood had done before, as well as 
Briggs himſelf, to cenſure the unfair practices of ſome other publiſhers 
of logarithms. He ſays, © In the ſecond part of this inſtitution, thou 
art preſented with Mr. Gellibrand's Trigonometrie, faithfully tranſlated 
from the Latin copy, that which the author himſelf publiſhed under 
the title of. Trigonometria Britannica, and not that which Vlacq the 
Dutchman ſtyles Trigouometria Artificialis, from whoſe corrupt and 
| | | | imperfect 
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and the application of them to plane and ſpherical trigonometry, 
chicfly extracted from Briggs's T rigonometria Britannica, mentioned 
above. 

Gellibrand publiſhed alſo, in 1635, An Inflitution Trigonometricall, 
containing the logarithms of the firit 10000 numbers, with the na- 
tural fines, tangents, and ſecants, and the logarithmic fines and 
tangents, for degrees and minutes, all to ſeven places of figures be- 
ſides the index; as alſo other tables proper for navigation; with 
the uſes of the whole. Gellibrand died the gth of February 1636, 
in the 4oth year of his age, to the great loſs of the mathematical 
world. 

Beſides the perſons hitherto mentioned, who were moſtly computers 
of logarithms, many others have alſo publiſhed tables of thoſe artificial 
numbers, more or leſs complete, and ſometimes improved and varied 
in the manner and form of them. I ſhall here juſt advert to a few of 
the principal of theſe. | 

In 1626, D. Henrion publiſhed, at Paris, a treatiſe concerning 
Briggs's logarithms of common numbers from 1 to 20000, to eleven 
places of figures; with the fines and tangents to eight places only. 

In 1631, was printed, at London, by one George Miller, a book 
containing Briggs's logarithms, with their differences, to ten places of 


figures beſides the index, for all numbers to 100000 ; as alfo the loga- 


rithmic fines, tangents, and ſecants, for every minute of the quadrant; 
with the explanation and uſes in Englith. | 

The ſame year, 1631, Richard Norwood publiſhed his Trigonomes 
trie; in which we find Briggs's logarithms for all numbers to 10000, 
and for the ſines, tangents, and ſecants, to every minute, both to ſeven 
places beſides the index.—In the concluſion of the trigonometry, he 
complains of the unfair practices of printing Vlacq's book in 1627 or 
1628, and the book mentioned in the laſt article. His words are, 
«© Now, whereas I have here, and in ſundry places in this book, cited 
Mr. Briggs his Arithmetica Logarithmica, (leſt I may ſeem to abuſe the 
reader), you are to underſtand not the book put forth about a month 
fince in Englith, as a tranſlation of his, and with the ſame title; being 
nothing like his, nor worthy his name; but the book which himſelf 
put forth with this title in Latin, being printed at London anno 1624- 
And here I have juſt occaſion to blame the ill dealing of theſe men, 
both in the matter before mentioned, and in printing a ſecond edition 
of his Arithmetica Logarithmica in Latm, whilſt he lived, againſt his 
mind and liking ; and brought them over to fell, when the firſt were 
unſold ; ſo fruſtrating thoſe additions which Mr. Briggs intended in 


his ſecond edition, and moreover leaving out ſome things that were in 


the firſt edition, of ſpecial moment : a practice of very ill conſequence, 
me tending to the great diſparagement of ſuch as take pains in this 
ind.” x 
Francis Bonaventure Cavalerius publiſhed at Bologna, in 1632, his 
Directorium Generale Uranometricum, in which are tables of Briggs's 
logarithms of ſincs, tangents, ſecants, and verſed fines, each to eight 
places, for every ſecond of the firft five minutes, for every five ſeconds 
from five to ten minutes, for every ten ſeconds from ten to twenty 
minutes, 
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minutes, for every twenty ſeconds from twenty to thirty minutes, for 
every thirty ſeconds from 30“ to 1 30“, and for every minute in the 
reſt of the quadrant; which is the firſt table of logarithmic verſed ſines 
that I know of. In this book are contained alſo the logarithms of the 
firſt ten chiliads of natural numbers, namely, from 1 to 10000, diſ- 
poſed in this manner: all the twenties at top, and from 1 to 19 on the 
fide, the logarithm of the ſum being in the ſquare of meeting. In 
this work, alſo, I think Cavalerius firſt gave the method of finding the 
area or ſpherical ſurface contained by various arcs deſcribed on the 
ſurface of a ſphere, | | | 

Alſo, in the Trigonometria of the ſame author, printed in 1643, be- 
ſides the logarithms of numbers from 1 to 1000, to eight places, with 
their differences, we find both natural and logarithmic fines, tangents, 
and ſecants, the former to ſeven, and the latter to eight places; 
namely, to every 10” of the firſt 30 minutes, to every 30“ from 307 
to 1; and the ſame for their complements, or backwards through 
the laſt degree of the quadrant ; the intermediate 88 being to every 
minute only. 

Mr. Nathaniel Roe, “ Paſtor of Benacre in Suffolke,” alſo reduced 
the logarithmic tables to a contracted form, in his Tabule Logarithmice, 
printed at London in 1633. Here we have Briggs's logarithms of 
numbers from 1 to 100000, to eight places; the fifties placed at top, 
and from 1 to 50 on the fide; alſo the firſt four figures of the loga- 
rithms at top, and the other four down the columns. They contain 
alſo the logarithmic fines and tangents to every 100th part of degrees, 
to ten places. | | 

Ludovicus Frobenius publiſhed at Hamburgh, in 1634, his Clavis 
Univerſa Trigonometrie, containing tables. of Briggs's logarithms of 
numbers from 1 to 2000; and of fines, tangents, and ſecants, for 
every minute ; both to ſeven places. | 

But the tables of logarithms of common numbers was reduced to 
its moſt convenient form by John Newton, in his Trigonometria Bri- 
tannica, printed at London in 1658, having availed himſelf of both the 
improvements of Wingate and Roe, namely, uniting Wingate's dif- 
poſition of the natural numbers with Roe's contracted arrangement 
of the logarithms, the numbers being all diſpoſed as in our belt tables 
at preſent, namely, the units-along the top of the page, and the tens 
down the left-hand fide, alſo the firſt three figures of each logarithm 
in the firſt column, and the remaining five figures in the other co- 
lumns, the logarithms being to eight places. This work contains alſo 
the logarithmic fines and tangents, to eight figures beſides the index, 
for every 100th part of a degree, with their differences, and for 100th 
parts in the firſt three degrees.—In the preface to this work, Newton 
takes occaſion, as Wingate and Norwood had done before, as well as 
Briggs himſelf, to cenſure the unfair practices of ſome other publiſhers' 
ot logarithms. He ſays, © In the ſecond part of this inſtitution, thou 
art preſented with Mr. Gellibrand's Trigonometrie, faithfully tranſlated 
from the Latin copy, that which the author himſelf publiſhed under 
the title of«. Trigonometria Britannica, and not that which Vlacq the 
Dutchman ſtyles Trigenometria Artificial, from whoſe corrupt and 

| | | imperfect 
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zmperfe& copy that ſeems to be tranſlated” which is amongſt us gene. 
rally known by the name of Gellibrand*s Trigonametry; but thoſe who 
either knew him, or have peruſed his writings, can teſtify that he was 
no admirer of the old ſexagenary way of working; nay, that he did 
preferre the decimal way before it, as he hath a undantly teſtified in 
all the examples of this his Trigonometry, which differs from that 
other which Vlacq hath publiſhed, and that which hath hitherto borne 
his name in. Engliſh, as in the form, fo likewiſe in the matter. of it; 
for in the two laſt-mentioned editions, there 1s ſomething left out in 
the ſecond chapter of plain triangles, the third chapter wholly omit. 
ted, and a part of the third in the ſpherical 3 but in this edition no- 
thing: ſomething we have added to both, by way of explanation and 
demonſtration.” 

In 1670, John Caramuel publiſhed his Matheſis Nova, in which are 
contained 1008 logarithms both of Napier's and Briggs's form, as alſo 
1000 of what he calls the Perfect Logarithms, namely, the ſame as 
thoſe which Briggs firſt thought of, which differ from the laſt only in 
this, that the one increaſes while the other decreaſes, the radix or lo- 
gazithm of the ratio of 10 to 1 being the ſame in both. 

The books of logarithms have ſince become very numerous, but the 
logarithms are moſtly of that fort invented by Briggs, and which are 
now in common uſe. Of theſe, the moſt noted for their accuracy or 
uſefulneſs, beſides the works above mentioned, are Vlacq's ſmall vo- 
lume of tables, particularly that edition printed at Lyons in 1670; 
alſo tables printed at the ſame place in 1760; but moſt eſpecially the 
tables of Sherwin and Gardiner. Of thefe, Sherwin's Mathematical 
Tables, in 8vo, formed the moſt complete collection of any, containing, 
befides the logarithms of all numbers to 101000, the fines, tangents, 
ſecants, and verſed fines, both natural and logarithmic, to every mi- 
nute of the quadrant. The firſt edition was in 1706; but the third 
edition, in 1742, which was reviſed by Gardiner, is eſteemed the moſt 
correct of any, though containing many thouſands of errors in the 
final figures : as to the laſt or fifth edition, in 1771, it is ſo errone- 
ouſly printed that no dependance can be placed in it, and it is the 
moſt inaccurate book of tables I ever knew; I have a liſt of ſeveral 
thouſand errors which I have corrected in it, as well as in Gardiner's. 

Gardiner alſo printed at London, in 1742, a quarto volume of 
© Tables of Logarithms, for all numbers from f to 102190, and for 
the fines and tangents to every ten ſeconds of each degree in the qua- 
drant ; as alſo, for the fines of the firſt 72 minutes to every ſingle ſe- 
cond : with other uſeful and neceflary tables ;” namely, a table of Lo- 
giſtical Logarithms, and three ſmaller tables to be uſed 'for finding 
the logarithms of numbers to twenty places of figures. Of theſe tables 
of Gardiner, only a ſmall number was printed, and that by ſubſcrip- 
tion; and they are now in the higheſt eſtimation of any logarithms 
for their accuracy and uſefulneſs, 7 75 4 

An edition of Gardiner's collection was alſo elegantly printed at 
Avignon in France, in 1770, with ſome additions, namely, the fines 
and tangents for every ſingle ſecond in the firſt four degrees, and a 
ſmall table of hyperbolic logarithms copied from a treatiſe: on ms 
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by the late ingenious Mr. Thomas Simpſon : but this is not quite ſo 
correct as Gardiner's own edition. The tables in all theſe books are 
to ſeven places of figures. 

« The logarithmic canon ſerves to find readily the logarithm of an 
aſſigned number ; and we are told by Dr. Wallis, in the ſecond volume 
of his Mathematical Works, that an antilogarithmic canon, or one to 
find as readily the number correſponding to every logarithm, was be- 
gun, he thinks, by Mr. Harriot the algebraiſt (who died in 1621), and 
completed by Mr. Walter Warner, the editor of Harriot's works, be- 
fore 1640 z which ingenious performance, it ſeems, was loſt, for want 
of encouragement to publiſh it.“ | | 
« A ſmall ſpecimen of ſuch numbers was publiſhed in the Philo- 
ſophical Tranſactions for the year 1714, by Mr. Long of Oxford; but 
it was not till 1742 that a complete antilogarithmic canon was pub- 
liſhed by Mr. James Dodſon, wherein he has computed the numbers 
gr to every logarithm from 1 to 100000, to 11 places of 

ures.” 3 
kgince the preceding account was written, and whilſt it was in the 
preſs, there has been printed at Paris, Tables Portatives de Loga- 
rithmes, publièes a Londres par Gardiner,” &c. This work is moſt 
beautifully printed in a neat portable 8d volume, and contains all the 
tables in Gardiner's 4to volume, with ſome additions and improve- 
ments : but with what degree of accuracy, remains yet to be deter- 
mined. However, on this, as well as ſeveral other occaſions, it is 
but juſtice to remark the extraordinary ſpirit and elegance with which 


the learned men and the artiſans of the French nation undertake and 
execute works of merit. | 


> ax 


i THE 
CONSTRUCTION OF LOGARITHMS, &e. 


AVING deſcribed the ſeveral ſorts of logarithms, their riſe and 
invention, their nature and properties, and given ſome account 

of the principal early cultivators of them, with the chief collections 

that have been publiſhed of ſuch tables; I proceed now to deliver a 

more particular account of the ideas and methods employed by each 

author, and the peculiar modes of conſtruction made uſe of by them. 
And, firſt, of the great inventor himſelf, Lord Napier. 


NAaP1ER's CONSTRUCTION OF LOGARITHMS. 


The inventor of logarithms did not adapt them to the ſeries of 
natural numbers 1, 2, 3, 4, 5, &c, as it was not his principal idea 
to extend them to all arithmetical operations in general; but he cone 
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definite line, deſcribed equal parts of it in the ſame equal portions of 
time; fo that the reſpective ſums of theſe, or the whole line generated, 
were always the arithmeticals or logarithms of thoſe fines. 
Thus, az is the given radius upon which all the fines are % 48 


of points, beginning at A, a. Now, at the end of the 


logarithmic line A&c, remains conitantly the ſame as at 


dent conditions, no matter what they are, were neceſlary to limit the 


table, the natural fines and their logarithms, at the complete quadrant, 
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fined his labours to that circumſtance which firſt ſuggeſted the n& 
ceſſity of the invention, and adapted his logarithms to the approximate 
numbers which expreſs the natural fines of every minute in the 
quadrant, as they had been ſet down by former writers on trigono- 
metry. 

The ſame reſtricted idea was purſued through his method of con- 
ſtructing the logarithms. As the lines of the fines of all arcs are parts 
of the radius, or fine of the quadrant, which was therefore called the 

nus totus or whole fine, he conceived the line of the radius to be 
deſcribed, or run over, by a point moving along it in ſuch manner 
that in equal eure! of time it generated, or cut off, parts in a de- 
crealing geometrical progreſſion, leaving the ſeveral remainders, or 
fines, in geometrical progreſſion alſo ; whilit another point, in an in- 


Sines. Log, 
5 


to be taken, and Ag&c the indefinite line containing the 
logarithms ; theſe lines being each generated by the motion b 1 
iſt, 2d, 3d, &c, moments, or equal ſmall portions of , 
time, let the moving points be found at the places marked - 
I, 2, 3, &c; then za, ZI, 22, 23, &c, will be the ſeries _ 
of natural fines, and Ao (or o), Al, A2, Az, &c, will be - 
their logarithms ; ſuppoſing the point which generates a: 
to move every where with a velocity decreaſing in propor- 
tion to its diſtance from 2, namely, its velocity in the points | 
o, I, 2, 3, &c, to be reſpectively as the diſtances zo, zl, | 
22, 23, &c, whilſt the velocity of the point generating the 2 
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firit in the point A or o. | 

Hitherto the author had not fully limited his ſyſtem or ſcale of lo- 
garithms, having only ſuppoſed one condition or limitation, namely, 
that the logarithm of the radius az ſhould be o. But two indepen- 
ſcale or ſyſtem of logarithms. It did not occur to him that it was 
proper to form the other limit, by affixing ſome particular value to an 
aſligned number, or part of the radius: but as another condition was 
neceſſary, he aſſumed is for it, namely, that the two generating 
points ſhould begin to move at a and A with equal velocities; or that 
the increments ai and At, deſcribed in the firſt moments, ſhould be 
equal ; as he thought this circumſtance would be attended with ſome 
little eaſe in the computation. And this is the reaſon that, in his 


have equal differences; and this is alſo the reaſon why his ſcale of 
logarithms happens accidentally to agree with what have fince been 
called the hyperbolic logarithms, which have numeral differences equal 
to thoſe of their natural numbers at the beginning; except only that 
meſe latter increaſe with the natural numbers, and his on the contra!) 

1 9 decreaſe 
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decreaſe z the logarithm of the ratio of 10 to 1 being the ſame in both, 
namely, 2*30258 509 : 

And here by the way it may be obſerved, that Napier's manner of 
conceiving the generation of the lines of the natural numbers and their 


logarithms by the motion of points, is very ſimilar to the manner in 


which Newton afterwards conſidered the generation of magnitudes in 
his doQtrine of fluxions; and it is alſo remarkable, that, in art. 2. of 
the Habitudines Logarithmorum & ſuorum natural um numerorum invicem 
in the appendix to the Conſtructio Logarithmorum, Napier ſpeaks of the 
velocities of the increments or decrements of the logarithms, in the 
ſame way as Newton does of his fluxions, namely, where he ſhews 
that thoſe velocities, or fluxions, are inverſely as the fines or natural 
numbers of the logarithms ; which is a necefiary conſequence of the 
nature of the generation of thoſe lines as deſcribed above; with this 
alteration, however, that now the radius az muſt be conſidered as 
generated by an equable motion of the point, and the indefinite line 
A&c by a motion increaſing in the ſame ratio as the other before de- 
creaſed ; which is a ſuppoſition that Napier muſt have had in view 
when he ſtated that relation of the fluxions. 

Having thus limited his ſyſtem, Napier proceeds, in the poſthumous 
work of 1619, to explain his conſtruction of the logarithmic canon 
and this he effects in various ways, but chiefly by generating, in a very 
eaſy manner, a ſeries of proportional numbers and their arithmeticals 
or logarithms ; and then finding, by proportion, the logarithms to the 
natural fines, from thoſe of the neareſt numbers among the original 


proportionals. | 


After deſcribing the neceſſary cautions he made uſe of to preſerve 
a ſufficient degree of accuracy in ſo long and complex a proceſs of 
calculation; ſuch as annexing ſeveral ciphers, as decimals ſeparated 
by a point, to his primitive numbers, and rejecting the decimals thence 
reſulting after the operations were completed ; ſetting the numbers 
down to the neareſt unit in the laſt figure; and teaching the arithme- 
tical proceſſes of adding, ſubtracting, multiplying, and dividing the 
limits between which certain unknown numbers muſt lie, ſo as to ob- 
tain the limits between which the reſults muſt alſo fall; I fay, after 
deſcribing ſuch particulars, in order to clear and ſmooth the way, he 
enters on the great field of calculation itſelf. Beginning at radius 
I0000000, he firſt conſtructs ſeveral deſcending geometrical ſeries, 
but of ſuch a nature that they are all quickly formed by an eaſy con- 
tinual ſubtraction, and a diviſion by 2, or by 10, or 100, &c, which 
1s done by only removing the decimal point ſo many places towards 
the left hand, as there are ciphers in the diviſor. He conſtructs three 
tables of ſuch ſeries : The firſt of theſe conſiſts of 100 numbers, in 
the proportion of radius to radius minus 1, or of 10000000 to 
9999999 3 all which are found by only ſubtracting from each its 
ooo th part, which part is alſo found by only removing each 
2 1 places lower: the laſt of theſe 100 proportionals is 
ound to be 9999900*0004950. 
Wes | G 2 The 
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The 2d table contains 

o numbers, which are 
in the continual propor- 
tion of the firſt to the laſt 
in the firſt table, namely, 
of 10000000.0000000, 


to 9999900. 0004950, or 


100000 to 99999 3 theſe 


annexed. 
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nearly the proportion of 


therefore are found by 

only removing the figures of each number 5 places lower, and ſub- 
tracting them from the ſame number : the laſt of theſe he finds to 
be 9995001.222927. And a ſpecimen of theſe two tables is here 


lower, and then ſubtractin 
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I ©000000.000G6000 


9999999-0000000 
9999998.0000001 
9999997.0000003 


&c till the r0oth term, 
Which will be 


9999900.-0004950 
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SECOND TABLE. 
I ©000000.000000 
9999900.000000 
9999800.001000 
9999700.003000 
&c to the goth term 


9995001.222927 | 
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The zd table conſiſts of 69 columns, and each column of twenty- 
one numbers or terms, which terms, in every column, are in the con- 
tinual proportion of 10000 to 9995, that is, nearly as the firſt is to 
the laſt in the 2d table; and as 10000 exceeds 9995 by the 2000th 
part, the terms in every column will be conſtructed by dividing each 
upper number by 2, removing the figures of the quotient 3 places 
them; and in this way it is proper to 

conſtruct only the firſt column of 21 numbers, the laſt of which will 
be 9900473.5 780: but the 1ſt, 2d, 2d, &c, numbers in all the co- 
lumns, are in the continual proportion of 100 to 99, or nearly the 
proportion of the firſt to the laſt in the firſt column; and therefore 
theſe will be found by removing the figures of each preceding number 
two places lower, and ſubtracting them, for the like number in the 
next column. A ſpecimen of this 3d table is as here below. 


— 


Tur Tulip Tas, 


Terms] iſt Column. | 


2d Column. 


3d Column. 


&c till the 6gth Column. 


 &c till 
9900473. 5780 


{1 COCC000.c000/9900000.0000[9801000.0000 


I &c for 

2 | 9995000.c000!9895050.008019796099. 5000] the 4th, [50463 34.4605 

3 | 9990002.5000[9890102.4750[9791201.4503|5th, Gth,|50438 11.2932] 

4 | 9985007.4987|9885157.423719786305.8495) 7th, &c. \5041289.3879 

5 9980014. 995098802 14.845 1078 1412.6967 col. till 
&c i &c &c the laſt 
21 


504885 8. 8900 


5038768.7435 
&c f 


93801468.842319703454+-1539 


or 4998609. 4034 


* 


Thus he had, in this 3d table, interpoſed between the radius and 
its half, 68 numbers in the continual proportion of 100 to 99; and 
interpoſed between every two of theſe 20 numbers in the proportion 
of 10000 to 9995 : and again, in the 2d table, between 10000000 and 
9995000, the two firit of the 3d table, he had 50 numbers in the pro- 
portion of 100000 to 99999 : and laſtly, in the 1it table, between 
10000000 and 9999900, or the 2 firſt in the 2d table, 100 numbers 
in the proportion of 10000000 to 9999999 : that is, in all, about 1600 
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proportionals; 
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roportionals; all found in the moſt ſimple manner by little more than 
eaſy ſubtractions; which proportionals nearly coincide with all the 
natural fines from go down to 309. | 

To obtain the logarithms of all thoſe proportionals, he demonſtrates 
ſeveral properties and relations of the numbers and logarithms, and 
illuſtrates the manner of applying them. The principal of theſe pro- 
perties are as follow: 1ſt, that the logarithm of any fine is greater 
than the difference between that ſine and the radius, bit leſs than the 
ſaid difference when increaſed in the proportion of the ſine to radius“; 
and 2dly, that the difference between the logarithms of two ſines, is 
leſs than the difference of the ſines increaſed in the proportion of the 
leſs ſine to radius, but greater than the ſaid difference of the fines in- 
creaſed in the proportion of the greater ſine to radius 9. 

Hence, by the 1ſt theorem, the logarithm of x0000000, the radius 
or firſt term in the firſt table, being o, the logarithm of 9999999, 
the 2d term, will be between 1 and 1.0000001, and will therefore be 
equal to 1.00000005 very nearly: and this will be alſo the common 
difference of all the terms or proportionals in the firſt table; and 
therefore, by the continual addition of this logarithm, there will be 
obtained the logarithms of all theſe 100 proportionals ; conſequently 
100 times the ſaid firſt logarithm, or the laſt of the above ſums, will 


give 100.000005, for the logarithm of 9999900.0004950, the laſt of 
the ſaid 100 proportionals. wa 


Then, by the 2d theorem, it eafily appears, that .ooo4950 is the 


difference between the logarithms of 9999900.0004950 and 9999goo, 
the laſt term of the firſt table and the 2d term of the ſecond table z 
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By this firſt theorem, 7 being radius, the logarithm of the ſine 3, is between 


7—s and __ and therefore, when 5s differs but little from r, the logarithm of s 


7 X Sughd 


will be nearly equal to , the arithmetical mean between the limits 7—s 


25 
1—5 * 3 1 1—8 5 
and ——-r; but ſtill nearer to r—s * ** sr,, the geometrical mean be- 


tween the ſaid limits. 


+ By this ſecond theorem, the difference between the logarithms of the two ſines 


S and 5, lying between the limits = and = will, when thoſe fines differ 


. 82—52 5 8 Fa * . 
but little, be nearly equal to * r or — b - r, their arithmetical mean; or 
x "gh FE "= * eg . 2 $ | 1 . 
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nearly — 7 the geometrical mean; or nearly = ad. by ſubſtituung, in the 


laſt denominator, 2..S+s for / Ss, to which it is nearly equal. 
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this then being added to the laſt logarithm, gives 100.0003000 for the 
togarithm of the ſaid 2d term, as alſo the common difference of the 
logarithms of all the proportionals in the ſecond table; and therefore, 
by continually adding it, there will be generated the logarithms of all 
theſe proportionals in the fecond table; the laſt of which is 5000.025, 
an{wering to 9995001.222927 the laſt term of that table. 

Again, by the 2d theorem, the difference between the logarithms 
of this laſt proportional of the fecond table, and the 2d term in the 
firſt column of the third table, is found to be 1.2235387 z which being 
added to the laſt logarithm, gives 5001.2485387 for the logarithm of 
9995000, the ſaid 2d term of the third table, as alſo the common 

ifference of the logarithms of all the proportionals in the firſt column 
gf that table; and this, therefore, being continually added, gives all 
the logarithms of that firſt column, the laſt of which is 100024.97077, 
the logarithm of 9900473. 5 780, the laſt term of the ſaid column. 
Finally, by the 2d theorem again, the difference between the loga- 
Tithms of this laſt number and 9900000, the iſt term in the ſecond 
column, is 478.3502; which being added to the laſt logarithm, gives 
100503. 3210 for the logarithm of the ſaid iſt term in the ſecond 
column, as well as the common difference of the logarithms of all the 
numbers on the ſame line in every line of the table, namely, of all the 
x1it terms, of all the 2d, of all the 3d, of all the 4th, &c, terms in all 
the columns; and which, therefore, being continually added to the 
logarithms in the firſt column, will give the correſponding logarithms 
in all the other columns. 

And thus is. completed what the author calls the radical table, in 
which he retains only one decimal place in the logarithms (or artificials, 
as he always calls them in his tract on the conſtruction), and tour in 
the naturals. A ſpecimen of the table 1s as here follows : 
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Terms. 1it Column. 
| — a 
| | Naturals. Artificials; Naturals. [Artificials| Naturals. | Artificials. 
7 ({10002009.0000 || 9900000.0000}1c0503.3 || $048358.8900 | 683422 5.9 
2 9995000,0000] 5001.2 9893230.0000[105504.6 5046333.4605 |} 683y227.1 
3 9990002.5000| 10002.5 i} 9890102.475@j110505.8 5043811. 2932 6844228. 
4 | 998 5007. 4987] 15003.7 988 5157.42 37115507. || 5041289.3879| 6849229.6 
5 9980014. 0950 20.098802 14.8451 12058. 35038768. 7435 68 542 30.8 

&c &c &c 

21 


O 


— 


ce till! ce c 
9900473.5780] 10002 5,0 | 9801468. 3423 200528. 2 
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4008609. 4034 69342 50.5 
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Having thus, in the moſt eaſy manner, completed the radical table, 
by little more than mere addition and ſubtraction, both for the natural 
numbers and logarithms ; the logarithmic fines were eaſily deduced 
from it by means of the 2d theorem, namely, taking the ſum and dit- 
ference of each tabular ſine and the neareſt number in the radical table, 
annex 7 ciphers to the difference, divide the reſult by the ſum, and 
half the quotient will be the difference between the logarithms of 91 
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ſaid numbers, namely, between the tabular ſine and radical number; 


conſequently, adding or ſubtracting this difference, to or from the 
given logarithm of the radical number, there will be obtained the lo- 
garithmic ſine required. And thus the logarithms of all the ſines from 
radius to the half of it, or from go? to 305 were perfected. 

Next, for determining the ſines of the remaining 30 degrees, he 


delivers two methods. In the firſt of theſe he proceeds in this man- 


ner : Obſerving that the logarithm of the ratio of 2 to 1, or of half 
the radius, is 6931469.22, of 4 to 1 is the double of this, of 8 to 1 
is triple of it, & e; that of 10 to 1 is 23025842.34, of 20 to 1 is the 
ſum of the logarithms of 2 and 10, and ſo on by compoſition for 
the logarithms of the ratios between 1 and 40, 80, 100, 200, &c, to 
10000000 3 he multiplies any given fine, for an arc leſs than 30 de- 
grees, by ſome of theſe numbers, till he finds the product nearly equal 
to one of the tabular numbers; then by means of this and the ſecond 
theorem, the logarithm of this product is found; to which adding the 
logarithm that anſwers to the multiple above mentioned, the ſum is 
the logarithm ſought. But the other method is ſtill much eaſier, and 
is derived from this property, which he demonſtrates, namely, as half 
radius is to the ſine of half an arc, ſo is the coſine of the ſaid half arc 


to the ſine of the whole arc; or as + radius: fine of an arc : : coſine of 


the arc: ſine of double are; hence the logarithmic fine of an arc is 
found, by adding together the logarithms of half radius and of the ſine 
of the double arc, and then ſubtracting the logarithmic coſine from 
the ſum. . 2 — 

And thus the remainder of the fines, from 30 down to o, are eaſil 
obtained. But in this latter way, the logarithmic ſines for full one 
half of the quadrant, or from o to 45 degrees, he obſerves, may be 
derived; the other half having already been made by the general me- 
thod of the radical table, by one eaſy diviſion and addition or ſubtrac- 
tion for each. | 

I have dwelt the longer on this work of the inventor af logarithms, 
becauſe I have not ſeen in any author an account of his method of con- 
ſtructing his table, although it is perfectly different from any other me- 
thod uſed by the later computers, and indeed almoſt peculiar to his 
ſpecies of logarithms. The whole of this work manifeſts great inge- 
nuity in the deſigner, as well as much accuracy. But notwithſtanding 
the caution he took to obtain his logarithms true to the neareſt unit in 
the laſt figure ſet down in the tables, by extending the numbers in the 
computations to ſeveral decimals, and other means; he had been diſ- 
appointed of that end, either by the inaccuracy of his aſſiſtant com- 
puters or tranſcribers, or through ſome other cauſe; as the logarithms 
in the table are commonly very inaccurate. It is remarkable too, that 
in this tract on the conſtruction of the logarithms, Lord Napier never 
calls them logarithms, but every where artzficials, as oppoſed in idea 
to the natural numbers : and this notion of natural and artificial num- 
bers I take to have been his firit idea of this matter, and that he altered 
the word artificials to logarithms in his firſt book, on the deſcription of 
thegr, when he printed it, in the year 1614, and that he a vs 
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have altered the word every where in this poſthumous work if he had 
lived to print it: for in the two or three pages of appendix, annexed 
to the work by his ſon from Napier's papers, he again always calls 
them logarithms. This appendix relates to the change of the loga- 
rithms to that ſcale in which 1 is the logarithm of the ratio of 10 to 1, 
the logarithm of 1, with or without ciphers, being o; and it appears 
to have been written after Briggs communicated to him his idea of 
that change. | 
Napier here in this appendix alſo briefly deſcribes ſome methods 
by which this new ſpecies of logarithms may be conſtructed. Having 
ſuppoſed © to be the logarithm of 1, and r, with any number of ciphers, 
as 10000000000, the logarithm of 10; he directs to divide this loga- 
rithm of 1o, and the ſucceſſive quotients, ten times by 5; by which 
diviſions there will be obtained theſe other ten logarithms, namely, 
2000000000, 400000000, 80009000, I6000000, 3200000, 640000, 
128900, 25600, 5120, 1024 : then this laſt logarithm, and its quo- 
tients, being divided ten times by 2, will give theſe other ten loga- 
rithms, 512, 256, 128, 64, 32, 16, 8, 4, 2, 1. And the numbers 
anſwering to theſe m_ logarithms, we are directed to find in this 
manner; namely, extract the 5th root of 10 (with ciphers), then the 
5th root of that root, and ſo on for ten continual extractions of the 
5th root; ſo ſhall theſe ten roots be the natural numbers belonging to 
the firſt ten logarithms, above found in continually dividing by 5 : next, 
out of the laſt 5th root we are to extract the ſquare root, then the ſquare 
root of this laſt root, and ſo on for ten ſucceſhve extractions of the 
ſquare root ; ſo ſhall theſe laſt ten roots be the natural numbers cor- 
reſponding to the logarithms or quotients ariſing from the laſt ten di- 
viſions by the number 2. And from theſe twenty logarithms, 1, 2, 4, 
8, 16, &c, and their natural numbers, the author obſerves that other 
logarithms and their numbers may be formed, namely, by adding the 
Jogarithms, and multiplying their correſponding numbers. It is evi- 
dent that this proceſs would generate rather an antilogarithmic canon, 
ſuch as Dodſon's, than the table of Briggs ; and that the method would 
alſo be very laborious, ſince, beſides the very troubleſome original ex- 
tractions of the 5th roots, all the numbers would be very large, by 
the multiplication of which the ſucceſſive ſecondary natural numbers 
are to be found. | 
Our author next mentions another method of deriving a few of the 
primitive numbers and their logarithms, namely, by taking continu- 
ally geometrical means, firſt between 10 and 1, then between 10 and 
this mean, and again between 10 and the laſt mean, and ſo on; and 
taking the arithmetical means between their correſponding logarithms. 
He then lays down various relations between numbers and their loga- 
rithms ; ſuch as, that the products and quotients of numbers anſwer 
to the ſums and differences of their logarithms, and that the powers 
and roots of numbers anſwer to the products and quotients of the 
logarithms by the index of the power or root, &c; as alſo that, of 
any two numbers whoſe logarithms are given, if each number be raiſed 
to the power denoted by the logarithm of the other, the two _ 
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will be equal. He then delivers another method of making the loga- 
rithms to a few of the prime integer numbers, which is well adapted 
for conſtructing the common table of logarithms. This method eafily 
follows from what has been ſaid above; and it depends on this property, 
that the logarithm of any number in this ſcale, is 1 leſs than the num- 
ber of places or figures contained in that power of the given number 
whoſe exponent is 10000000000 or the logarithm of 10, at leaſt as to 
integer numbers, for they really differ by a fraction, as is ſhewn by Mr. 
Briggs in his illuſtrations of theſe properties, printed at the end of this 
appendix to the conſtruction of logarithms. I ſhall here ſet down one 
more of theſe relations, as the manner in which it is expreſſed is ex- 
actly ſimilar to that of fluxions and fluents, and it is this: Of any 
two numbers, as the greater is to the leſs, ſo is the velocity of the 
increment or decrement of the logarithms at the leſs, to the velocity 
of the increment or decrement of the logarithm-at the greater : that 
is, in our modern notation, as X: F: : to x, where æ and y are the 
fluxions of the logarithms of A and . 


Kepler's Conſtruction of Logarithms; 


— 


The logarithms of Briggs and Kepler were both printed the ſame 
year, 1624; but as the latter are of the ſame ſort as Napier's, I ſhall 
here give this author's conſtruction of them, before proceeding to that 
of Briggs's. | = 

We have already (pa. 31 & ſeq.) deſcribed the nature and form of 
Kepler's logarithms, ſhewing that they are of the ſame kind as Napier's, 
but only a little varied in the form of the table. It may alſo be added, 
that, in general, the ideas which theſe two maſters had on this ſubject, 
were of the ſame nature; only it was more fully and methodically laid 
down by Kepler, who expanded, and delivered in a regular ſcience, 
the hints that were given by the illuſtrious inventor. The foundation 
and nature of their methods of conſtruction are alſo the ſame, but 
only a little varied in their modes of applying them. Kepler here firſt 
of any treats of logarithms in the true and genuine way of the mea- 
lures of ratios, or proportions*, as he calls them, and that in a ver 
full and ſcientific manner : and this method of his was afterwards fol. 
lowed and abridged by Mercator, Halley, Cotes, and others, as we 
thall ſee in the proper places. Kepler firſt erects a regular and purely 
mathematical ſyſtem of proportions, and the meaſures of proportions, 
treated at conſiderable length in a number of propoſitions, which are 
fully and chaſtely demonſtrated by genuine mathematical reaſoning, 
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* Kepler almoſt always uſes the term proportion inſtead of ratio, which I alſo 
mall do in my account of his work, as well as conform in expreſſions and notations 
to his other peculiarities. It may alſo be here remarked, that I obſerve the ſame 
practice in deſcribing the works of other authors, the better to canvey the idea of 
their ſeveral methods and ſtyle. And this may ſerve to account for ſome ſeeming 
incqualitics in the language of this 8 0 


— 


and 


— 


30 CONSTRUCTION OF 


and illuſtrated by examples in numbers. This part contains and des 
monſtrates both the nature and the principles of the ſtructure of loga« 
rithms. And in the ſecond part he apphes thoſe principles in the 
actual conſtruction of his table, which contains only 1000 numbers 
and their logarithms, in the form as we before deſcribed : and in thig 
art he indicates the various contrivances made uſe of in dedueing the 
* of proportions one from another, after a few of the lead- 
ing ones had been firſt formed by the general and more remote prin- 
ciples. He uſes the name /ogarithms, given them by the inventor, 
being the moſt proper, as expreſſing the very nature and eſſence of thoſe 
artificial numbers, and containing as it were a definition in the very 
name of them ; but without taking any notice of the inventor, or of 
the origin of thoſe uſeful numbers. 
As this tract is very curious and important in itſelf, and is beſides 
very rare and little known, inſtead of a particular deſcription only, I 
ſhall here give a brief tranſlation of both the parts, omitting only the 
demonſtrations of the propoſitions, and Tome rather long illuſtrations 
of them. 

The book is dedicated to Philip, landgrave of Heſſe, but is without 
either preface or introduction, and commences immediately with the 
ſubject of the firſt part, which is intitled The Demonſtration of the 
Structure of Logarithms ; and the contents of it are as follow: 

P:flulate 1. That all proportions equal among themſelves, by what- 
ever variety of couplets of terms they may be denoted, are meaſured 
or expreſſed by the fame quantity. 

Axiom 1. If there be any — 2 of quantities of the fame kind, the 
proportion of the extremes is underſtood to be compofed of all the 
proportions of every adjacent couplet of terms, from the firſt to the 

ſt. | | 
* 1 Propoſition. The mean proportional between two terms divides 
the proportion of thoſe terms into two equal proportions. 

Axiom 2. Of any number of quantities regularly increaſing, the 
means divide the proportion of the extremes into one proportion 
more than the number of the means. OY | 

Poftlulate 2. That the proportion between any two terms is diviſi- 
ble into any number of parts, until thoſe parts become leſs than any 
propoſed quantity. 


\ 


An example of this ſection is then inſerted in a ſmall table, in dividing the pro- 
portion which is between 10 and 7 into 1073741824 equal parts, by as many mean 
proportionals wanting one, namely, by taking the mean proportional between 10 and 
7, then the mean between 10 and this mean, and the mean between 10 and the laſt, 
and fo on for 30 means, or 30 extractions of the - ſquare root, the laſt or zoth of 
which roots is 99999999966752056900; and the zoth power of a, which is 1073741824, 
ſtews into how many parts the proportion between 10 and 7, or between rooo&c. 
and Joo c, is divided by 1073741824 means, each of which parts is equal to the 
| 455 mag between 1000&c, and the zoth mean 999 &c. that is, the proporticn 

etween 10008c and 999 &c, is the 1073741824th part of the proportion between 
10 and . Then by aſſuming the ſmall difference 000000000332 17943 100, for the 
meaſure of the very ſmall element of the proportion of 10 to 7, or for the meaſure 
ef the proportion of rooo&c to 9998, or for the logarithm of this laſt term, and 
multiplying it by 1073741824, the number of parts, the product will give 
35667.49481.37222+14409 for the logarithm of the lets term 7 or 700 &c. 


Poſtulats 
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Pyſtulate 3. That the extremely ſmall quantity or element of a pro- 


portion, may be meaſured or denoted by any quantity whatever; as 


for inſtance, by the difference of the terms of that element. 

2 Propaſitiun. Of three continued proportionals, the difference of 
the two firſt has to the difference of the two latter, the ſame propor- 
tion which the firſt term has to the 2d, or the 2d to the 3d. | 

3 Prop. Of any continued proportionals, the greateſt terms have 
the greateſt difference, and the leaſt terms the leaſt. 

4 Prop. In any continued proportionals, if the difference of the 
greateſt terms be made the meaſure of the proporcion between them, 
the difference of any other couplet will be leſs than the true meaſure 
of their proportion. | 

5 Prop. In continued proportionals, if the difference of the greateſt 
terms be made the meaſure of their proportion, then the meaſure of 
the proportion of the greateſt to any other term will be greater than 
their difference. 

6 Prop. In continued proportionals, if the difference of the greateſt 
term and any one of the leſs, taken not immediately next to it, be 
made the meaſure of their proportion; then the proportion which 
is between the greateſt and any other term greater than the one be- 
fore taken, will leſs than the difference of thoſe terms; but the 
proportion which is between the greateſt term and any one leſs than 
that firſt taken, will be greater than their difference. 

7 Prop. Of any quantities placed according to the order of their 
magnitudes, if any two ſaccelfive proportions be equal, the three 
ſucceſhve terms which conſtitute them, will be continued propor- 
tionals. | 

8 Prop, Of any quantities placed in the order of their magnitudes, 
if the intermediates lying between any two terms, be not among the 
mean proportionals which can be interpoſed between the ſaid two 
terms, then ſuch intermediates do not divide the proportion of thoſe 
two terms into commenſurable proportions. 


Beſides the demonſtrations, as uſual, ſeveral definitions are here given; as of 
commenſurable proportions, &c. 


9 Prop. When two expreſſible lengths are not to one another as. 
two figurate numbers of the ſame ſpecies, ſuch as two ſquares, or two 
cubes; there cannot fall between them other expreſſible lengths, 
which ſhall be mean proportionals, and as many in number as that 
Ipecies requires, namely, one in the ſquares, two in the cubes, three 
in the biquadrats, &c. 5 ä 

10 Prop, Of any expreſſible quantities, following in the order of 
their magnitudes, if the two extremes be not in the proportion of two 
ſquare numbers, or two cubes, or two other powers of the ſame kind; 
none of the intermediates divide the proportion into commenſurables. 

II Prop. All the proportions, taken in order, which are between 
expreſſible terms that are in arithmetical proportion, are incommen- 
ſurable to one another. As between 8, 13, 18. 

12 Prop, Of any quantities duces in the order of their * 
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the difference of the greateſt terms be made the meaſure of their propor- 
tion, then the difference between any two others will be leſs than the 
meaſure of their proportion; and if the difference of the two leaſt 
terms be made the meaſure of their proportion, then the differences of 
the reſt will be greater than- the meaſure of the proportion between 
their terms. | ET ES 

Corel. If the meaſure of the proportion between the greateſt, ex- 
ceed their difference, then the proportion of this meaſure to the 
ſaid difference, will be leſs than that of a following meaſure to the 

difference of its terms. Becauſe proportionals have the ſame ratio. 

13 Prop. If three quantities follow one another in the order of mag- 
nitude, the proportion of the two laſt will be contained in the pro- 
portion of the extremes, a leſs number of times than the difference of 
the two leaſt is contained in the difference of the extremes: And on 
the contrary, the proportion of the two greateſt will be contained in 
the proportion of the extremes, oftener than the difference of the 
former is contained in that of the latter. 

Corel. Hence if the difference of the two greater be equal to the 
difference of the two leſs terms, the proportion between the two 
greater will be leſs than the proportion between the two leſs. 

14 Prop. Of three equidifterent quantities taken in order, the pro- 
portion between the extremes is more than double the proportion 
between the two greater terms. | 

Corol. Hence it follows, that half the proportion of the extremes 
is greater than the proportion of the two greateſt terms, but leſs than 
the proportion of the two leaſt. 

15 Prop. If two quantities conſtitute a proportion, and each quan- 
tity be leflened by half the greater; the remainders will conſtitute a 
proportion greater than double the former. | 

16 Prop. The aliquot parts of incommenſurable proportions, are 
incommenſurable to each other. l 

17 Prop. If one thouſand numbers follow one another in the natu- 
ral order, beginning at 1000, and differing all by unity, viz. 1000, 
999,998,997, &c; and the proportion between the two greateſt 1000, 
999, by continual biſection, be cut into parts that are ſmaller than 

the exceſs of the proportion between the next two 999, 998, over the 
ſaid proportion between the two greateſt 1000, 999; and then for 
the meature of that ſmall element of the proportion between 1000, 
999, there be taken the difference of 1000 and that mean proportional 
which is the other term of the element. Again, if the proportion be- 
tween 1000 and 998 be likewiſe cut into double the number of parts 
which the former proportion between looo, 999 was cut into; and 
then for the meaſure of the ſmall element in this diviſion, be taken the 
difference of its terms, of which the greater is 1000. And, in the 
fame manner, if the proportion of 1000 to the following num- 
bers, as 997, &c, by continual biſection, be cut into particles of ſuch 
magnitude, as may be between 3 and + of the element ariſing from 
the ſection of the firſt proportion between 1900 and 999; the meaſure 
of each element will be given from the difference of its terms. Then, 


this being done, the meaſure of any one of the 1000 proportion 
"I, 
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will be compoſed of as many meaſures of its element, as there are of 
thoſe elements in the ſaid divided proportion. And all theſe mea- 
ſures, for all the proportions, will be ſufficiently exact for the niceſt 
calculations. 


All theſe ſections and meaſures of proportions are performed in the manner of 
that deſcribed at poſtulate 2, and the operation is abundantly explained by numerical 
calculations. 


18 Prop. The proportion of any number to the firſt term 1000 being 
known; there will alſo be known the proportion of the reſt of the 
numbers in the ſame continued proportion, to the ſaid firſt term. 

So from the known proportion between 1000 and goo, 
there is alſo known the proportion of 1000 to 8 10, and to 729 

And from 1000 to 800, alſo 1000 to 640, and to 512; 
And from 1000 to 700, alſo 1000 to 490, and to 343 3 

And from 1000 to 600, alſo 1000 to 360, and to 216; 

And from 1000 to 500, alſo 1000 to 250, and to 125. 


C:rol. Hence ariſes the precept for ſquaring, cubing, &c; as alſo 
for extracting the ſquare root, cube root, 8&c, out of the firſt figures 
of numbers. For it will be, as the greateſt number of the chiliad as 
a denominator, is to the number propoſed as a numerator, ſo 1s this 
to the ſquare of the fraction, and ſo is this to the cube. 

19 Prop. The proportion of a number to the firſt, or 1000, Seng 
known; if there be two other numbers in the ſame proportion to eac 
other, then the proportion of one of theſe to 1000 being known, there 
will alſo be known the proportion of the other to the ſame 1000. 

Corel. 1. Hence from the 15 proportions mentioned in prop. 18, 
will be known 120 others below 1000, to the ſame 1000. 


For ſo many are the proportions, equal to ſome one or other of the ſaid 15, that 
are among the other integer numbers which are leſs than 1000. 


Corsl. 2. Hence ariſes the method of treating the Rule-of-Three, 
when 1000 is one of the given terms. 


For this is effected by adding to, or ſubtracting from, each other, the meaſures 
of the two proportions of 1000 to each of the other two given numbers, according 
as 1000 is, or is not, the firſt term in the Rule-of- Three. 


20 Prop. When four numbers are proportional, the firſt to the ſe- 
cond as the third to the fourth, and the proportions of 1000 to each 
of the three former are known, there will alſo be known the propor- 
tion of 1000 to the fourth number. 

Corel, 1. By this means other chiliads are added to the former. 

Corel. 2. Hence ariſes the method of performing the Rule-of-Three, 
when 1000 is not one of the terms. Namely, b the ſum of the 
meaſures of the proportions of 1000 to the ſecond and third, take that 
of 1000 to the firſt, and the remainder is the meaſure of the proportion 
of 1000 to the fourth term. 

Definition, The meaſure of the proportion between 1000 and _ 
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leſs number, as before deſcribed, and expreſſed by a number, is ſet 
oppoſite to that leſs number in the chiliad, and is called its Loca. 
RITHM, that is, the number (apifuss) — the proportion 
(>oyov) which 1000 bears to that number, to which the logarithm is 
annexed. . 

21 Prop. If the firſt or greateſt number be made the radius of a 
circle, or ſinus totus 3 every leſs number, conſidered as the coſine of 
ſome arc, has a logarithm greater than the verſed fine of that arc, 
but lefs than the difference between the radius and fecant of the are; 
except only in the term next after the radius, or greateſt term, the 


logarithm of which by the hypotheſis is made equal to the verſed fine, 


That is, if CD be made the logarithm of AC, or the mea- 
ſure of the proportion of AC to AD; then the meaſure of the 
roportion of AB to AD, that is the logarithm of AB, will 
greater than BD, but leſs than EF. And this is the ſame as 


Napier's firſt rule in page 45. A BCD 


22 Prop. The fame things being ſuppoſed ; the fum of the verſed 
fine and exceſs of the ſecant over the radius, is greater than double 
the logarithm of the cofine of an arc. 

Corol. The log. cofine is leſs than the arithmetic mean between 
the verſed fine and the excefs of the ſecant. 5 

Precept 1. Any ſine being found in the canon of ſines, and its de- 
fe below radius to the exceſs of the ſecant above radius; then ſhall 
the logarithm of the ſine be leſs than half that ſum, but greater than 
the ſaid defect or coverſed fine. 


Let there be the fine 99970.1490 of an are : 


Its defect below radius is 29.8510 the powers, and leſs than the log. fine: 
Add the exceſs of the ſecant 29.8599 


Sum 59.7109 


its half or 29.8555 greater than the logarithm, 
Therefore the logarithm is between 29.8510 2 


and 29.8555 


Precept 2. The logarithm of the ſine being found, you will alſo 
find nearly the logarithm of the' round or integer number which is 
next leſs * your ſine with a fraction, by adding that fractional ex- 
ceſs to the logarithm of the ſaid fine. 


Thus the logarithm of the ſine 99970. 149 is found to be about 29.854; if now 
the logarithm of the round number 99970.000 be required, add 149 the fractional 
part of the ſine to its logarithm, obſerving the point, thus 

29.554 
149 


the ſum zo. ooz is the logarithm of the round number 99970.000 nearly, 


23 Prop. Of three equidifferent quantities, the meaſure of the 
proportion between the two greater terms, with the meaſure of the 
proportion between the two leſs terms, will conſtitute a bene 
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which will be greater than the proportion of the two greater terms, 
but leſs than the proportion of the two leaſt. | 


Thus if AB, AC, AD be three quantities havin the 4 . 1 7 * 
equal differences BC, CD; and if the meaſure of the 
proportion of AD, AC he cd, and that of AC, AB be 7 2 — 


bc; then the proportion of cd to eb will be greater than 
the proportion of AC to AD, but leſs than the propor- 
tion of AB te AC. | 


24 Prop. The ſaid proportion between the two meaſures, is leſs 
than half the proportion between the extreme terms. That is, the 
proportion between bc, cd, is leſs than half the proportion between 
AB, AD. 

Corel. Since therefore the arithmetical mean divides the proportion 
into unequal parts, of which the one is greater, and the other leſs, 
than half the whole; if it be enquired what proportion is between 
theſe proportions, the anſwer is, that it is a little leſs than the ſaid 
half. 


An Example of finding nearly the limits, greater and leſs, to the meaſure 
of any propoſed proportion. | 
It being known that the meaſure of the proportion between 1000 and goo is 


10536.05, required the meaſure of the proportion 900 to 800, where the terms 
1000, 900, $09, have equal differences. Therefore as 9 to 10 fo 10536.05 ts 


| 11706.72, which is leſs than 119778.30 the meaſure of the proportion 9 to 8. 


Again, as the mean proportional between 8 and 10 (which is 8.9442719) is to 10 fo 
10536.05 to 11779-66, which is greater than the meaſure of the proportion between 
9 and 8. | 


Axiom. Every number denotes an expreſſible quantity. 

25 Prop. If the 1000 numbers, differing by 1, follow one another 
in the natural order; and there be taken any two adjacent numbers, 
as the terms of ſome proportion; the meaſure of this proportion will 
be to the meaſure of the proportion between the two greateſt terms of 
the chiliad, in a proportion greater than that which the greateſt term 


| 1000 bears to the greater of the two terms firſt taken, but leſs than 


the proportion of 1000 to the leſs of the ſaid two ſelected terms. 


So of the 1000 numbers taking any two ſucceſſive terms, as 301 and 500, the 
logarithm of the former being 69114.92, and of the latter 693 14-72, the difference of 
which is 199.80. Wherefore by the definition, the meaſure. of the proportion be- 
tween 501 and 500 is 199. 80. In like manner, becauſe the logarithm of the greateſt 
term 1000 is o, and of the next 999 is 100.05, the difference of theſe logarithms, | 
and the meaſure of the proportion between 1000 and 999, is 100.05, Couple now 
the greateſt term 1000 with each of the ſelected terms 301 and 500; couple alſo 
the meaſure 199.80 with the meaſure 100.0; ; ſo ſhall the proportion between 199. do 
and 100.05 be greater than the proportion between 1000 and 501, but leſs than the 
Proportion between Io00o and 500. 


Corol. 1. Any number below the firſt 1000 being propoſed, as alſo 
its logarithm z the differences of any logarithms antecedent to that 


Propoſed, towards the beginning of the chiliad, are to the firſt _ 
I 
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rithm (viz. that which is aſſigned to 999) in a greater proportion than 
1000 to the number propoſed ;z but of thoſe which follow towards the 
laſt logarithm, they are to the ſame in a leſs proportion. 

Corel. 2. By this means the places of the chiliad may eaſily be fill. 
ed up, which have not yet had logarithms adapted to them by the 
former propoſitions. - 

26 Prop. The difference of two logarithms, adapted to two adjacent 
numbers, is to the difference of theſe numbers, in a proportion greater 
than 1000 bears to the greater of thoſe numbers, but leſs than that of 
1000 to the leſs of the two numbers. 


This 26 prop. is the ſame as Napier's ſecond rule at page 45. 


27 Prop. Having given two adjacent numbers of the 1000 natural 
numbers, with their logarithmic indices, or the meaſures of the pro- 
portions which thoſe abſolute or round numbers conſtitute with 1000 
the greateſt; the increments or differences of theſe logarithms will be 
to the logarithm of the ſmall element of the proportions, as the ſecants 
of the arcs whole coſines are the two.abſolute numbers, is to the great- 
eſt number, or the radius of the circle ; fo that, however, of the ſaid 
two ſecants, the leſs will have to the radius a leſs proportion than the 
propoſed difference has to the firſt of all, but the greater will have a 
greater proportion, and ſo alſo will the mean proportional between the 
ſaid ſecants have a greater proportion. 


Thus if BC, CD be equal, alſo bd the logarithm of AB, 
and cd the logarithm of AC; then the proportion of bc to 
cd will be greater that the proportion of AG to AD, but 
leſs than that of AF to A D, and alſo leſs than that of the 
mean proportional between A F and AG to AD. | 


Coral. 1. The ſame obtains alſo when the two terms differ, not 
only by the unit of the ſmall element, but by another unit which may 
be ten fold, a hundred fold, or a thouſand fold of that. 

Coral. 2. Hence the differences will be obtained ſufficiently exact, 
eſpecially when the abſolute numbers are pretty large, by taking the 
arithmetical mean between two ſmall fecants, or if you will be at 
the labour) by taking the geometrical mean between two larger ſecants, 
and then by continually adding the differences, the logarithms will 
be produced. | | 

Corol. 3. Precept. Divide the radius by each term of the affigned 
proportion, and the arithmetical mean (or ſtill nearer the geometrical 
mean) between the quotients will be the required increment, which 


being added to the logarithm of the greater term, will give the logas 
rithm of the leſs rerm. 


Exampli 
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Example. 


Let there be given the logarithm of 700, viz. 35667.4948 to find the log. to 699, 
Here radius divided by 700 gives 1428571 &c. 
and divided by 699 gives 1430672 &Cc. 
the arithmetic mean 1s 142.962 
which added to 38667. 4948 


gives the logarithm to 699 3589 10.4568 


Corol. 4. Precept for the logarithms of fines. | 

The increment between the logarithms of two fines, is thus found: 
find the geometrical mean between the coſecants, and divide it by the 
difference of the fines, the quotient will be the difference of the 


logarithms. 

Example. 
0 ſime 290g coſec. 243774632 The quotient $0000 exceeds the requir- 
o 2 fine 5518 colec. 171837319 | ed increment of the Jogarithms, becauſe 


— | the ſecants are here ſo large. 
dif. 2909 geom. mean 2428 nearly. 


Appendix, Nearly in the fame manner it may be ſhewn, that the 

ſecond differences are in the duplicate proportion of the firſt, and the 
third in the duplicate of the ſecond. Thus, for inſtance, in the be- 

ginning of the logarithms the firſt difference is 100.00000, viz. equal 

to the difference of the numbers 100000.00000 and 99g0c.00000; the 

ſecond, or difference of the differences, 100co ; the third 20. Again, 

aſter arriving at the number 50000.00000, the logarithms have for a 

difference 200.00008, which is to the firſt difference, as the number 
100000.00000 to 50000.00000 3 but the ſecond difference is 40000, in 
which 10000 is contained four times; and the third 328, in which 20 
is contained ſixteen times. But ſince in treating of new matters we 
labour under the want of proper words, wherefore left we ſhould be- 
come too obſcure, the demonſtration is omitted untried. 


28 Prop. No number expreſſes exactly the meaſure of the propor- 
tion, between two of the 1000 numbers, conſtituted by the foregoing | 
method. ' 
29 Prop. If the meaſures of all proportions be expreſſed by num- | 
bers or logarithms; all proportions will not have aſſigned to them 
their due portion of meaſure, to the utmoſt accuracy. 
30 Prop. If to the number rooo, the greateſt of the chiliad, be 
referred others that are greater than it, and the logarithm of 1000 be 
made o, the logarithms belonging to thoſe greater numbers will be 
negative, 


— 


9 * . daft, 


This concludes the firſt or ſcientific part of the work, the princi- 
ples of which Kepler applics, in the ſecond part, to the aCtual con- 
ſtruction of the firſt 100 logarithms, which conſtruction is prett 
minutely deſcribed. This part is intituled A very compendious methed of 
conſtructing the Chiliad of Lowarithms ; and it is not improperly ſo call- 
ed, the method being very conciſe and eaſy. The fundamental prin- 
eiples are briefly theſe ; That at the beginning of the logarithms, their 
1 increments 
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And becauſe 1, 10, 100, 1000, are continued pro- Nos. nu 
phrticnals, therefore the proportion of 1000 to t is * N 
triple of the proportion of 1000 to 100, and conſe- 1] 690775-5422 
quently + of the logarithm of 1 is to be put for the 1 92 1034-055 
logarithm of 100, viz. 230258.5141, and this is 6,1387551. 

alſo the logarithm of decuplication, or of the pro- 1,co01|161 1809-5985 
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increments or differences are equal to thoſe of the natural numbers; 
that the natural numbers may be conſidered as the decreaſing coſines 
of increaſing ares: and that the ſecants of thoſe ares at the beginning 
have the ſame differences as the coſines, and therefore the ſame ditfer- 
ences as the logarithms. Then, ſince the ſecants are the reciprocals of 
the coſines, by theſe principles and the third corol. to the twenty- 
ſeventh propolition, he eſtabliſhes the following method of conſtituting 
the 100 firſt or ſmalleit logarithms to the 100 largeſt numbers, 1000, 
go, 998, 997, &c to yoo. viz. Divide the radius 1000, increaſed 
with ſeven ciphers, by each of theſe numbers ſeparately, difpoting the 
quotients in a table, and they will be the ſecants of thofe arcs which 
have the divilors for their coſines; continuing the diviſion to the 
8th figure, as it is in that place only that the arithmetical and geo- 
metrical means differ. Then by adding ſucceſlively the arithmetical 
means between every two ſucceſſive ſecants, the ſums will be the 
erics of logarithms. Or by adding continually every two ſecants, 
the ſueceſſive ſums will be the ſeries of the double logarithms, 
Beſides theſe 100 logarithms, thus conſtructed, he conſtitutes two 
others by continual biſection, or extractions of the ſquare root, after 
the manner deſcribed in the ſecond poſtulate. And firſt he finds the 
logarithm which meaſures the proportion between 100000.00 and 
97056.25, which latter term is the third proportional to 1024 and 
1000, each with two ciphers ; and this is effected by means of twenty- 
four continual extractions of the ſquare root, determining the greateſt 
term of each of twenty-four claſles of mean proportionals; then the 
diflerence between the greateſt of theſe means and the firſt or whole 
number 1000, with ciphers, being as often doubled, there aries 
2371.65 26 for the logarithm fought, which made negative is the lo- 
garithm of 1024. Secondly, the like proceſs is repeated for the pro- 
portion between the numbers 1000 and 500, from which ariſes 
69314-7193 for the logarithm of 500; which he alſo calls the loga- 
rithm of duplication, being the meaſure of the proportion of 2 to 1. 
Then from the foregoing he derives all the other logarithms in the 
chiliad, beginning with thoſe of the prime numbers 1, 2, 3, 5, 7, & 
in the firſt 100. And firſt, ſince 1024, 512, 256, 128, 64, 32, 16, 8, 
4, 2, 1, areall in the continued proportion of 1000 to 500, therefore 
the proportion of 1024 to 1 is decuple of the proportion of 1000 to 
500, and conſequently the logarithm of 1 would be decuple of the 
logarithm of 500, if o were taken as the logarithm of 1024 ; but ſince 
the logarithm of 1024 is applied negatively, the logarithm of 1 muſt 
2 dimumithed by as much: diminiſhing therefore 10 times the loga- 
rithm cf 500, which is 693147.1928, by 2371.6526, the remaindet 
090775-5422 is the logarithm of 1, or of 100.00 what is ſet down in 
the table. | 


portion of 10 to 1, And hence multiplying this ; 
| logarithm 
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Jogarithm of 100 ſueceſſively by 2, 3, 4, 5, 6, and 7, there ariſe the 


logarithms to the numbers in the decuple proportion, as in the mar- 
in. 


Alſo if the logarithm of duplication, or of the | | 
proportion of 2 to 1, be taken from the logarithm re 1 F 76-5449] 
of 1, there will remain the logarithm of 2; and log. of X 5 93 — 2 
from the logarithm of 2 taking the logarithm of ſiog. of n 
10, there remains the logarithm of the proportion ot 5 to 6943.70 18 
of 5 to 13 which taken from the logarithm of 1, | tog. of 552983 1:7474l 
there remains the logarithm of 5. See the margin. 

For the logarithms of other prime numbers he has recourſe to thoſe of 
ſomeof the firſt or greateſt century of numbers, before found, viz. of, 
998,997, &c. And firit, taking 960, whoſe logarithm is 4082. 2001; 
then by adding to this logarithm the logarithm of duplication, there 
will ariſe the ſeveral logarithms of all theſe numbers, which are in 
duplicate proportion continued from 960, namely 480, 240, 120, 60, 
20, 15, Hence the logarithm of 3o taken from the logarithm of 10, 
lcaves the logarithm of the proportion of 3 to 1; which taken from 
the logarithm of 1, leaves the logarithm of 3, viz. 580914.3106. 
And the double of this diminiſhed by the logarithm of 1, gives 
471053.0790 for the logarithm of g. 

Next, from the logarithm of go, or 9 X 10 X 11, which is 
1005-0331, he finds the logarithm of 11, namely, ſubtract the ſum 
of the logarithms of ꝙ & 10 from the ſum of the logarithm of 99 and 
double the logarithm of 1, there remaims 450986.0106 the logarithm 
of 11. | 

Again, from the logarithm of 980, or 2 X 10 X 7 X 7, which is 
2020.2711, he finds 496184.5228 for the logarithm of 7. x 

And from 5129.3303 the logarithm of 950 or 5 X 10 X 19, he 
nnds 396331.6392 for the logarithm of 19. | 

In like manner the logarithm 

to 998 or 4 X 13 X 19, gives the logarithm of 13 
to 969 or 3 X 17 X 19, gives the logarithm of 17; 
to 986 or 2 X 17 X 29, gives the logarithm of 29 3 
to 966 or 6 X 7 X 23, gives the logarithm of 23; 
to 930 or Z X Io X 31, gives the logarithm of 31. 

And ſo on for all the primes below 100, and for many of the 
primes in the other centuries up to 900. After which he directs 
to find the logarithms of all numbers compoſed of theſe, by the pro- 
per addition and ſubtraction of their logarithms, namely, in finding 
the logarithm of the product of two numbers, from the ſum of the- 
logarithms of the two factors take the logarithm of 1, the remainder 
is the logarithm of the product. In this way he ſhews that the loga- 
rithms of all numbers under 500 may be derived, except thoſe of the 
following 36 numbers, namely, 127, 149, 167, 173, 179, 211, 223, 
251, 257, 203, 209, 271, 277, 281, 283, 293, 337, 347, 349, 3533 
359» 307, 373» 379» 383, 389, 397, 491, 409, 419, 421, 431, 433, 
439, 443, 449. Alſo beſides the compoſite numbers between 500 
and 900, made up of the products of ſome numbers whoſe logarithms 
have been before determined, there will be 59 primes not — 
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of them; which with the 36 above mentioned, make 9; numbers in 
all not compoſed of the products of any before them, and the loga- 
rithms of which he directs to be derived in this manner; namely, by 
conſidering the differences of the logarithms of the numbers inter- 
ſperſed among them; then by that method by which were conſtituted 
the differences of the logarithms of the ſmalleſt ioo numbers in a con- 
tinued ſeries, we are to proceed here in the diſcontinued ſeries, that 
is, by prop 27, corol. 3, and eſpecially by the appendix to it, if it 
be rightly uſed, from whence thoſe differences will be very eaſily 
ſupplied. 

This cloſes the ſecond part, or the actual conſtruction of the loga- 
rithms; after which follows the table itſelf, which has been before 
deſcribed, pa. 32. Before I diſmiſs Kepler's work, however, it may 
not be improper in this place to take notice of an erroneous property 
laid down by him in the appendix to the 27th prop. juſt now referred 
to; both becauſe 4t is an error in principle, tending to vitiate the 
practice, and becauſe it ſerves to ſhew that Kepler was unacquainted 
with the true nature of the orders of differences of the logarithms, 
notwithſtanding what he ſays above with reſpect to the conſtruction 
of them by means of their ſeveral orders of diiterences, and that con- 
ſequently he has no legal claim to any ſhare in the diſcovery of the 
differential method, known at that time to Briggs, and it would ſeem 
to him alone, it being publiſhed in his logarithms in he ſame year, 
1624, as Kepler's book, together with the true nature of the loga- 
rithmic orders of differences, as we ſhall preſently ſee in the followin 
account of his works. Now this error of Kepler's, here alluded to, 
is in that expreſſion where he ſays the third differences are in the 
duplicate ratio of the ſecond differences, like as the ſecond differences 
are in the duplicate ratio of the firſt ; or, in other words, that the 
third differences are as the /quares of the ſecond differences, as well as 
the ſecond differences as the {ſquares of the firſt; or that the third 
diſterences are as the fourth powers of the firſt differences. Whereas 
in truth the third differences are only as the cubes of the firſt differen- 
ces. Kepler ſeems to have been led into this error by a miſtake in his 
numbers, viz. when he ſays in that appendix, that he third difference 
1s 328, in which 20 is contained 16 times; for when the numbers are 
accurately computed, the third difference comes out only 161, in 
which therefore 20 1s contained only 8 times, which is the cube of 
2, the number of times the one firſt difference contains the other. 
It would hence ſeem that Kepler had haſtily drawn the above errone- 
ous principle from this one numerical example, or little more, falſe as 
it is: for had he made the trial in many inſtances, although errone- 
ouſly computed, they could not eaſily have been ſo uniformly ſo, as 
to afford the ſame falſe concluſion. And therefore from hence, and 
what he ſays at the concluſion of that appendix, it may be inferred 


that he either never attempted the demonſtration of rhe property 


queſtion, or elſe that he found himſelf embarraſſed with it, and un- 


able to accompliſh it, and therefore diſpatched it in the ambiguous 


manner in which it appears. 
But it may caſily be ſhewn, not only that the third differences of the 
| logarithms 
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logarithms at different places, are as the cubes of the firſt differences 
but, in general, that the numbers in any one and the ſame order of 
differences, at different places, are as that power of the numbers in 
the firſt differences, whole index is the ſame as that of the order; or 
that the ſecond, third, fourth, &c, differences, will be as the ſe- 
cond, third, fourth, &c, powers of the firſt differences. For the 
ſeveral orders of differences, when the abſolute numbers differ by 
indefinitely ſmall parts, are as the ſeveral orders of fluxions of the 


1 Bis m.X , . 
logarithms z but if x be any number, then "1 the fluxion of the 


logarithm of x, to the modulus n, and the ſecond fluxion, or the flux- 
m & 


jon of this fluxion, is — 


: 2 m x3 2.3m x+ T 
fourth, &c, fluxions, are 7 — ===, &c; that is, the firſt, ſe- 
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cond, third, fourth, fifth, ſixth, &c, orders of fluxions, are equal to 
the modulus M multiplied into each of theſe terms, 

x „(%% © Jo $.33* I. 2. $45 1. 3. 9. 4 $x* 
r os Boo” ae 5 ny 6 » &Cy 

* * 4 A X * 

where it is evident that the fluxion of any order is as that power of the 
firſt luxion, whoſe index is the ſame as the number of the order. And 
theſe quantities would actually be the ſeveral terms of the differences 
themſelves, if the differences of the numbers were indefinitely ſmall. 


But they vary the more from them, as the differences of the abſolute 


— 


FF 


- 


g numbers differ from x, or as the ſaid conſtant numerical difference 1, 
) approaches towards the value of x the number itſelf. However, upon 
a the whole, the ſeveral orders vary proportionably, ſo as ſtill ſenſibly 
6 to preſerve the ſame analogy, namely that two nth differences are in 
: proportion as the th powers of their reſpective firſt differences. 

d 


Of Briggs's Conſtruction of his Logarithms. 


Nearly according to the methods deſcribed in page 48, Mr. Briggs 
conſtructed the logarithms of the prime numbers, as appears from his 
relation of this buſineſs in the Arithmetica Logarithmica, printed in 
1624, where he details, in an ample manner, the whole conſtruction 
and uſe of his logarithms. The work is divided into thirty-two chap- 
ters or ſections. In the firſt of theſe, logarithms in a general ſenſe are 
defined, and ſome properties of them illuſtrated. In the ſecond chap- 
ter he remarks, that it is moſt convenient to make o the logarithm of 


as 1; and on that ſuppoſition he exemplifies theſe following properties, 
id namely, that the logarithms of all numbers are either the indices of 
d powers, or proportional to them; that the ſum of the logarithms of 
in two or more factors, is the logarithm of their product; and that the 
n- difference of the logarithms of two numbers, is the logarithm of their 
us quotient. In the third ſection he ſtates the other aſſumption which is 

neceitary to limit his ſyſtem of logarithms, namely, making 1 the 
he logarithm of 10, as that which produces the moit convenient form of 
ns 


logarithms : 


ſince & is conſtant ; and the third, 
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g 


62 CONSTRUCTION OF 


logarithms : He hence alſo takes occaſion to ſhew that the powers of 
10, namely 100, 1000, &c, are the only numbers which can haye 
rational logarithms. The fourth ſection treats of the characteriſtic; 
by which name he diſtinguiſhes the integral, or firſt part, of a loga. 
rithm towards the left hand, which expreſſes one leſs than the num. 
ber of integer places or figures in the number belonging to that logas 
Tithm, or how far the firit figure of this number 1s removed from the 

place of units; namely, that o is the characteriſtic of the logarithmy 
of all numbers from 1 to 10; and 1 the characteriſtic of all thoſe from 
10 to 100; and 2 that of thoſe from 100 to 1000 ; and ſo on. 

He begins the fifth chapter with remarking, that his logarithmg 
may chiefly be conſtructed by the two methods which were mentioned 
by Napier, as above related, and for the ſake of which he here pre. 
miſes ſeveral lemmata, concerning the powers of numbers and their 
indices, and how many places of figures are in the products of num. 
bers, obſerving that the product of two numbers will conſiſt of ag 
many figures as there are in both factors, unleſs perhaps the product 
of the firſt figures in each factor be expreſſed by one figure only, 
which often happens, and then commonly there will be one figure in 
the product leſs than in the two factors; as alſo that, of any two of 
the terms, in a ſeries of geometricals, the reſults will be equal by 
raiſing each term to the power denoted by the index of the other; or 
any number raiſed to the power denoted by the logarithm of the 
other, will be equal to this latter number raiſed to the power denoted 


by the logarithm of the former; and eee e if the one number 


be 10, whoſe logarithm is 1 with any number of ciphers, then any 
number raiſed to the power whoſe index is 1000 &c, or the logarithm 
of 10, will be equal to 10 raiſed to the power whoſe index is the lo- 
garithm of that number; that is, the logarithm of any number in 
this ſcale, where 1 is the logarithm of 10, is the index of that 
power of 10 which is equal to the given number. But the index of 
any integral power of 10, is one leſs than the number of places in 
that power, conſequently the logarithm of any other number, which 
is no integral power of 10, is not quite one leſs than the number of 
places in that power of the given number whoſe index is 1000 $&c, d 
the logarithm of 10. + al 

Find therefore the 1oth, or 100th, or 1000th, &c, power of any 
number, as ſuppoſe 2, with the number of figures in ſuch power; the 
ſhall that number of figures always exceed the logarithm of 2, although 
the exceſs will be conſtantly leſs than 1, 
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An example of this proceſs is | Powers No. oi places 


here given in the margin; where of 2 Indices. - | logs. 

the 1it column contains the ſe- 2 I T 

veral powers of 2, the 2d their | 4 | 2 I 

correſponding indices, and the | 26 4 2 

za contains the number of pla- |_2 56 8 '| 3 k 

ces in the powers in the firſt 1024 | 10 4 log. of 2 

column; and of theſe numbers 10486 | 20 J 7 log. of 4 

in the third column, ſuch as 10995 | 40 13 log. of 16 | 

are on the lines of thoſe indices . 12089 | 80 25 log. of 256 

that conſiſt of 1 with ciphers, 12670100 31 log. of 2 

are continual approximations 16069200 61 log. of 4 

to the logarithm of 2, being | 25323 | 400 121 log. 16 | 

always too great by leſs than 1 06630 | 809 _ 241 log. 256 

in the laſt figure, that logarithm | 10715 | 1000 302 log. 2 | 

being 30' 02999566398 &c. 11481 2000 603 log. 4 

And here, ſince the exact 1318240 1205 log. 16 

powers of 2 are not required, 8009 2409 I. 256 | 

but only the number of hgures 19050 | 10000 3011 log. 2 

they conſiſt of, as ſhewn by 39503 | 20000 | 6021 log. 4 | 

the third column, only a few 15843 | 40000 12042 log. 16 

of the firſt figures of the powers 22 80000 24083 J. 256 | | 
in the firſt column are retained, | 99909 | 100000 | | 3@103 log. 2 8 | 
thoſe being ſu{hcient to deter- 99001 200000 | 002061. 4 | 
mine the number of places in | 9922" | 300000 as Hh BE 1 
them; and the multiplications r 24824 

in raiſing theſe powers are per- 99000 | I000000 301030 | 

formed in a contracted way, | 9£223 | 2000000 602060 

fo as to have the fifth or laſt | 99995 | 4299000 $304 120 
ſigure in them true to the near- | 8 8000000 42408240 

et unit. Indeed theſe multi- 92498 | 10000000 | 3010300 } 

plications might be performed | 01599 eee eee 

in the ſame manner, retaining 7018 eee Shin Het) 

only the firſt three hgures, and IEC. Booagpen. 4 24953400. | | 
thoſe to the neareſt unit in the $0040 100000000 | .30103000 | 
ri place; which would make 1 : 3 | e- | | 
this a very eaſy way indeed of £488 | 92.4 

finding ig Leto of a few — 2 240823997 | 

prime numbers. | 3 ana 301029990 | 


— — 


It may alſo be remarked, that thoſe ſeveral powers, whoſe indices 
are 1 with ciphers, are raiſed by thrice ſquaring from the former 
powers, and multiplying the firſt by the third of theſe ſquares ; mak- 
ing alſo the correſponding doublings and additions of their indices : 
thus, the ſquare of 2 is 4, and the ſquare of 4 is 16, the ſquare of 16 10 
256, and 256 multiplied by 4 is 1024; in like manner, the double of 
I 1s 2, the double of 2 is 4, the double of 4 is 8, and 8 added to 2 
makes 10. And the ſame for all the following powers and indices. j 
1 he numbers in the third column, which ſhew how many places i 
are in the correſponding powers in the firſt column, are produced in 
the very ſame way as thoſe in the ſecond column, namely, by three | 

| dupli- | 
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duplications and one addition; only obſerving to ſubtract 1 when the 
product of the firſt figures are expreſſed by one figure, or when the 
firſt figures exceed thoſe of the number or power next above them, 
It may farther be oblerved, that, like as the firſt number in each qua- 
ternion, or ſpace of four lines or numbers, in the third column, ap. 
proximates to the logarithm of 2, the firſt number in the firſt quater. 
nion of the firſt column; ſo the ſecond, third, and fourth terms of 
each quaternion in the third column, approximate to the logarithm of 
4, 16, and 256, the ſecond, third, and fourth numbers in the firſt 
quaternion in the firſt column. And moreover, by cutting off one, 
two, three, &c, figures, as the index or integral part, from the ſaid 
logarithms of 2, 4, 6, and 256, the firſt, ſecond, third, and fourth 
numbers in the firſt quaternion of the firſt column, the remaining 
figures will be the decimal part of the logarithms of the correſponding 
firſt, ſecond, third, and fourth numbers in the following ſecond, 
third, fourth, &c, quaternions : the reaſon of which is, that any 
number of any quaternion in the firſt column, is the tenth power of 
the correſponding term in the next preceding quaternion. So that 
the third column contains the logarithms of all the numbers in the? 
firit column: a property which, if Dr. Newton had been aware of, i. 
he could not well have committed fuch groſs miſtakes as are found] 
in a table of his ſimilar to that above given, in which moſt of the 
numbers in the latter quaternions are totally erroneous z and his con- 
fuſed and imperfect account of this method, would induce one to 
believe that he did not well underitand it. 

In the ſixth chapter our illuſtrious author begins to treat of the 
other general method of finding the logarithms of prime numbers, 
which he thinks is an eaſier way than the former, at leaſt when the 
logarithm is required to a great many: places of figures. This method 
conſiſts in taking a great number of continue geometrical means 
between 1 and the given number whoſe logarithm is required; that 
is, firſt extracting the ſquare root of the given number, then the 
root of the firſt root, the root of the ſecond root, the root of the 
third root, and ſo on till the laſt root ſhall exceed x by a very ſmall 
decimal, greater or leſs according to the intended number of places 

| to be in the logarithm ſought : then finding the logarithm of this 
ſmall number, by methods deſcribed below, he doubles it as often as he 
made extractions of the ſquare root, or, which is the ſame thing, he 
multiplies it by ſuch power of 2 as is denoted by the ſaid number of 
extractions, and the reſult is the required logarithm of the given 
number; as is evident from the nature of logarithms. The rule to 
know how far to continue this extraction of roots is, that the number 
of decimal places in the laſt root be double the number of true places 
required to be found in the logarithm, and that the firſt half of them 
be ciphers ;z the integer being 1: the reaſon of which is, that then 
the ſignificant figures in the decimal, after the ciphers, are direct. 
proportional to thoſe in the correſponding logarithms ;z ſuch figures 
in the natural number being the half of thoſe in the next preceding 
number, like as the logarithm of the laſt number is the half of the 


preceding logarithm. Therefore, any one ſuch ſmall number, with 
| its 
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its logarithm, being once found, by the continual extractions of 
ſquare roots out of a given number, as 10, and correſponding biſec- 
tions of its given logarithm 1 ; the logarithm for any other ſuch ſmall 
number, derived by like continual extractions from another given 
number, whoſe logarithm is ſought, will be found by one ſingle pro- 
portion : which logarithm is then to be doubled according to the 
number of extractions, or multiplied at * oh | 
once by the like power of 2, for the lo- 10, given no. | 1, its log. 
garithm of the number propoſed. To 3*102277 & | o'5 © 
iind the firit ſmall number and its lo- 17782 9 0˙25 
garithm, our author begins with the 1*333521 o*125 
number 10 and its logarithm 1, and ex- 1154781 o0*0625 
tracts continually the root of the laſt 1*07 4007 O˙03125 
number, and biſects its logarithm, as | &e. — 
here regiſtered in the margin, but to far 

more places of figures, till he arrives at the 53d and 54th roots, with 
their annexed logarithms, as here below : 


Un UW „ 


Numbers. Logarithms. | 
1'00090,00202,00000,2 5 563,$29$6,40064,700*00000,07000,00000, 11102, 23024, 62515, 65404 
1*00090, ooo, ooo, 12781, 91493, 2003 2,3 510*00000, ooo, ooo, 5551, 115 12,3 1257, 82702 


where the decimals in the natural numbers are to each other in the 
ratio of the logarithms, namely in the ratio of 2 to 1: and therefore 
any other ſuch ſmall number being found, by continual extraction or 
otherwiſe, it will then be as 1278 1 &c, is to 5551 &c, ſo is that other 
ſmall decimal, to the correſponding ſignificant figures of its loga- 
rithm. But as every repetition of this proportion requires both a 
very long multiplication and diviſion, he reduces this conſtant ratio 
to another equivalent ratio whoſe antecedent is 1, by which all the 
diviſions are ſaved : thus, 

as 12781 &C : 5551 &c : : 1000 &c : 43429448 190325 1804, 
that is, the logarithm of 1*00000,00000,00000,1 

is 0'00000,00000,00000,04342,94481,90325,1804 3 

and therefore this laſt number being multiplied by any ſuch ſmall 
decimal, found as above by continual extraction, the product will 
be the correſponding logarithm of ſuch laſt root. | 


But as the extraction of ſo many roots is a very troubleſome ope- 
ration, our author deviſes ſome ingenious contrivances to abridge that 
labour. And firſt, in the 7th chapter, by the following device, to 
have fewer and eafier extractions to perform: namely, raiſing the 
powers from any given prime number, whoſe logarithm 1s ſought, 
till a power of it be found ſuch that its firſt figure on the left hand is 
I, and the next to it either one or more ciphers ; then, having di- 
vided this power by 1 with as many ciphers as it has figures after the 
firſt, or ſuppoſing all after the firſt to be decimals, the continual 
roots from this power are extracted till the decimal become ſufhciently 
mall, as when the firſt fifteen places are ciphers; and then by mul- 
plying the decimal by 43429 &c, he has the logarithm of this laſt 
root; which Jogarithm multiplied by the like power of the number a, 

K gives 
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duplications and one addition; only obſerving to ſubtract 1 when the 
product of the firſt figures are expreſſed by one figure, or when the 
firſt figures exceed thoſe of the number or power next above them, 
It may farther be obſerved, that, like as the firſt number in each qua- 
ternion, or ſpace of four lines or numbers, in the third column, ap- 
proximates to the logarithm of 2, the firſt number in the firſt quater- 
nion of the firſt column; ſo the ſecond, third, and fourth terms of 
each quaternion in the third column, approximate to the logarithm of 
4, 16, and 256, the ſecond, third, and fourth numbers in the firſt 
quaternion in the firit column. And moreover, by cutting off one, 
two, three, &c, gures, as the index or integral part, from the ſaid 
logarithms of 2, 4, :6, and 256, the firſt, fecond, third, and fourth 
numbers in the firſt quaternion of the firſt column, the remaining 
figures will be the decimal part of the logarithms of the correſponding 
firſt, ſecond, third, and fourth numbers in the following ſecond, 
third, fourth, &c, quaternions : the reaſon of which is, that any 
number of any quaternion in the firſt column, is the tenth power of 
the correſponding term in the next preceding quaternion. So that 
the third column contains the logarithms cf all the numbers 1n the 
firſt column: a property which, if Dr. Newton had been aware of, 
he could not well have committed ſuch groſs miſtakes as are found 
in a table of his ſimilar to that above given, in which moſt of the 
numbers in the latter quaternions are totally erroneous z and his con- 
fuſed and imperfect account of this method, would induce one to 
believe that he did not well underitand it. | 

In the fixth chapter our illuſtrious author begins to treat of the 
other general method of finding the logarithms of prime numbers, 
which he thinks is an eaſier way than the former, at leaſt when the 
logarithm is required to a great many. places of figures. This method 
conſiſts in taking a great number of continue] geometrical means 
between 1 and the given number whoſe logarithm is required; that 
is, firſt extracting the ſquare root of the given number, then the 
root of the firſt root, the root of the ſecond root, the root of the 
third root, and ſo on till the laſt root ſhall exceed x by a very ſmall 
decimal, greater or leſs according to the intended number of places 
to be in the logarithm ſought : then finding the logarithm of this 
ſmall number, by methods deſcribed below, he doubles it as often as he 
made extractions of the ſquare root, or, which is the ſame thing, he 
multiplies it by ſuch power of 2 as is denoted by the ſaid number of 
extractions, and the reſult is the required logarithm of the given 
number; as is evident from the nature of logarithms. The rule to 
know how far to continue this extraction of roots is, that the number 
of decimal places in the laſt root be double the number of true places 
required to be found in the logarithm, and that the firſt half of them 
be ciphers ; the integer being 1: the reaſon of which is, that then 
the ſignificant figures in the decimal, after the ciphers, are direct) 
proportional to thoſe in the correſponding logarithms ; ſuch figures 
in the natural number being the half of thoſe in the next preceding 
number, like as the logarithm of the laſt number is the half of the 


preceding logarithm. Therefore, any one ſuch ſmall number, with 
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its logarithm, being once found, by the continual extractions of 
ſquare roots out of a given number, as 10, and correſponding biſec- 
tions of its given logarithm 1 ; the logarithm for any other ſuch ſmall 
number, derived by like continual extractions from another given 
number, whoſe logarithm is ſought, will be found by one ſingle pro- 
portion: which logarithm is then to be doubled according to the 
number of extractions, or multiplied at 
once by the like power of 2, for the lo- 
garithm of the number propoſed. 'To 
hnd the firit ſmall number and its lo- 
garithm, our author begins with the 
number 10 and its logarithm 1, and ex- 
tracts continually the root of the laſt | 
number, and biſects its logarithm, as 
here regiſtered in the margin, but to far 
more places of figures, till he arrives at the 53d and 54th roots, with 
their annexed logarithms, as here below: 


10, given no. | 1, its log. 
3102277 &c | O5 
177829 O˙25 
1333521 0˙125 
1154781 O˙0625 

1074607 | 0*03125 
| &C. & Cc 
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[*00090,00000,00020, 12781, 91493, 2003 2,35 


where the decimals in the natural numbers are to each other in the 
ratio of the logarithms, namely in the ratio of 2 to 1: and therefore 
any other ſuch ſmall number being found, by continual extraction or 
otherwiſe, it will then be as 12781 &c, is to 5551 &c, ſo is that other 
ſmall decimal, to the correſponding ſignificant figures of its loga- 
rithm. But as every repetition of this proportion requires both a 
very long multiplication and diviſion, he reduces this conſtant ratio 
to another equivalent ratio whoſe antecedent is 1, by which all the 
diviſions are ſaved : thus, | 

as 12781 &C ; 5551 &c : : 1000 &c : 43429448190325 1804, 

that is, the logarithm of 1*00000,00000,00000,1 

3 0*00000,00000,00000,04342,9448 1,90Z25 ,1804 3 

and therefore this laſt number being multiplied by any ſuch ſmall 


decimal, found as above by continual extraction, the product will 
de the correſponding logarithm of ſuch laſt root. | 


But as the extraction of ſo many roots is a very troubleſome ope- 
ration, our author deviſes ſome ingenious contrivances to abridge that 
labour. And firſt, in the 7th chapter, by the following device, to 
have fewer and eaſier extractions to perform: namely, raiſing the 
powers from any given prime number, whoſe logarithm 1s fought, 
till a power of it be found ſuch that its firſt figure on the left hand is 
I, and the next to it either one or more ciphers ; then, having di- 
vided this power by 1 with as many ciphers as it has figures after the 
firſt, or ſuppoſing all after the firſt to be decimals, the continual 
roots from this power are extracted till the decimal become ſufficiently 
mall, as when the firſt fifteen places are ciphers; and then by mul- 
uplying the decimal by 43429 &c, he has the logarithm of this laſt 
root; which logarithm multiplied by the like power of the number 25 

gives 


o oοοοꝙο., ooo, ooo, 11102, 23024, 62515, 55404 
©*00000,00c oe, ooooo, o55 51, 11512, 31257, 82702 
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gives the logarithm of the firſt number from which the extrac. 
tion was begun: to this logarithm prefixing a 1, or 2, or 3, &c, ac- 
cording as this number was found by dividing the power of the given 
prime number by 10, or 100, or 1000, &c; and laſtly, dividing the 
reſult by the index of that power, the quotient will be the required 
logarithm of the given prime number. Thus, to find the — 


logarithm of 2: it is firſt raiſed to the 1oth power, as in of boy 
the margin, before the firſt figures come to be 10; then, di- : a 
viding by 1000, or cutting oft for decimals all the figures | 3 
after the firſt or 1, the root is continually extracted out of a 1 
the quotient 1,024, till the 47th extraction, which gives 4 2 
1,90000,00000,00000,16851,60570,53949,77z the de- 1287 
cimal part of which multiphed by 43429 &c, gives 2 56 8 
o, ooo, ooo, ooooo, o73 18, 5 5936, 90623, 9368 for its 9129 
logarithm : and this being continually doubled for 47 times, 102410 


will give the logarithms of all the roots up to the firſt 
number : or being at once multiplied by the 


47th power of 2, viz. 140737488355328, | 2 [1 
which is raiſed as in the margin, it gives 4 | : 
0,01029,09566,39811,95265,27744 for the | 83 
logarithm of the number 1,024, true to 17 or 16 | 4 
18 decimals: to this prefix 3, ſo ſhall 3,0102 32 |5 
&c be the logarithm of 1024 : and laſtly, be- 64 | 6 
cauſe 2 is the tenth root of 024, divide by 10, 128 7 | 
ſo ſhall 0,30102,99956,63981,1952 be the | 2500 
logarithm required to the given number 2. 4 oy N 
The logarithms of 1, 2, and 10 being now 1048 8 * 
known; it is remarked that the logarithm 10737 *. 4 3⁰ 
of 5 becomes known ; for ſince 10 2 is 1099511627776 |40 
— 55 therefore log. 10 — log. y log. 5 14073748835 5328 45 


which is o, 69897, ooog3, 36018, 8058; and 
that from the multiplications and diviſions of theſe three 2, 5, 10, 
with the correſponding additions and ſubtractions of their loga- 
rithms, a multitude of other numbers and their logarithms are pro- 
duced ; ſo from the powers of 2 are obtained 4, g 16, 32, 04, &c; 
from the powers of 5 theſe 25, 125, 625, 3125, &c; alſo the powers 
of 5 by thoſe of 10 give 250, 1250, 6250, &c; and the powers of 2 
by thoſe of 10 give 20, 200, 2000, &c ; 40, 400, 80, 800, &c; like- 
wiſe by diviſion are obtained 22, 13, 124, 65, 13, 35, 64, &Cc. 

He then obſerves that the logarithm of 3, the next prime number, 
will be beft derived from that of 6, in this manner : 6 raiſed to the 
9th power becomes 10077696, which divided by 10000000, gives 
1,0277696, and the root from this continually extracted till the 46th, 
is 1,000c0,00000,00000,10998,59345,88155,71866z the decimal 
part of which multiplied by 43429 &c, gives ne 
0,00000,00000,00000,04776,02844,78608,0304 for its logarithm 

and this 46 times doubled, or multiplied by the 46th power of 2, gives 
o, 00336, 125 34,5 2792, 69 for the logarithm of 1,0077696; to which 
adding 7, the logarithm of the diviſor 10000000, and dividing by 
9, the index of the power of 6, there reſults 0,7781 5,12503,83643103 

| or 
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far the logarithm of 6; from which ſubtracting the logarithm of 2, 
there remains o, 47712, 12547, 19662, 44 for the logarithm of 3. 

In the eighth chapter our ingenious author deſcribes an original 
and eaſy method of conſtructing, by means of differences, the con- 
tinual mean proportionals which were before found by the extraction 
of roots. And this, with the other methods of generating logarithms 
by differences, in this book as well as in our author's ? rigonometria 
Britannica, are I believe the firſt inſtances that are to be found of 
making ſuch uſe of differences, and ſhew that he was the inventor 
of what may be called the Differential Method. He ſeems to have 
diſcovered this method in the following manner : having obſerved 
that theſe continual means between 1 and any number propoſed, 
found by the continual extraction of roots, approach always nearer 
and nearer to the halves of each preceding root, as is viſible when 
they are placed together under each other; and indeed it 1s found 
that as my of the ſignificant figures of each decimal part, as 
there are ciphers between them and the integer 1, agree with the half 
of thoſe above them ; I ſay, having obſerved this evident approxi- 
mation, he ſubtracted each of theſe decimal parts, which he called 
A or the firſt differences, from half the next preceding one, and b 
comparing together the remainders or ſecond differences, called B, 
he found that the ſucceeding were always nearly equal to + of the 
next preceding ones; then taking the difference between each ſecond 
difference and + of the preceding one, he ſound that theſe third dif- 
ferences, called C, were nearly in the continual ratio of 8 to 1; again 
taking the difference between each C and + of the next preceding, he 
found that theſe fourth differences, called D, were nearly in the con- 
tinual ratio of 16 to 1; and ſo on, the 5th (E), 6th (F), &c, diffe- 
rences, being nearly in the continual ratio of 32 to 1, of 64 to 1, &e, 


K 2 Theſe 


7 7 
— * a>», 1a 
2 - 4 — þ 2 


_— 


e —— 
* —— 4 » 
— , w_ _ 2 83 » K 
. — | 
2 — ws 
— - - 4 4 

2 Sz 


a. a. 
2 7 
—_ al. 2 


—— 4 £4 


we 


— — 


* 
s 
_ 
\ + 
| : 
i + 
19 
T7 
\ 
4 
1 
FT 
1 
11 
N \ ”- 
=- 
* 
4 
[ 
$ 
„ 
1 \ 
* 
TY 
9 4 
Y 1 i 
: * 
5 = 
| x 
- 15 
A 
1 
15 
A 
S* 
119 
* 
1 2 
l 1 


68 CONSTRUCTION OP 


Theſe plain obſervations 
being made, they very na- 
turally and clearly ſuggeſt- 
ed to him the notion and 
method of conſtructing 
all the remaining numbers 
from the differences of a 
few of the firſt, found by 
extracting the roots in the 
uſual way: T his will evi- 
dently appear from the 
annexed ſpecimen of a few 
of the firſt numbers in the 
laſt example for finding 
the logarithm of 6; where 
after the gth number the 
reſt are ſuppoſed to be 
conſtrued from the pre- 
cedin differences of 
each, as here ſhewn in 
the 10th and 11th. And it 
is evident that, in pro- 
ceeding, the trouble will 
become always leſs and 
leſs, the differences gra- 
dually vaniſhing, till at 
laſt only the firit differ- 
ences remain; and that 
generally each leſs differ- 
ence is ſhorter than the 
next greater, by as many 
laces as there are ci- 
phers at the beginning of 


the decimal in the num 


ber to be generated from 
the differences. 

He then concludes this 
chapter with an ingenious, 
but not obvious, method 

of finding the differences 
B, C, D, E, &c, belonging 
to any number, as ſuppoſe 
the gth, from that number 
itſelf, independent of an 
of the preceding 8th, 7th, 
th, 5th, &c; and it is 
this: raiſe the decimal A 
to the 2d, 3d, 4th, 5th, 
&c powers; "then will the 
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7500770590 

1,00387,72 $33,36962,45663,84655,1 
1,00193,67661,36946,61675,87022,9 
1,00096,79146,39099,0172+,89072,0 
1,00048,35402,63846,62955,4925345 


| 1500024, 18905, 78824,68563,80872,7 


:: 4 


24419201,34423,31492,74626,7 FA 
292,6 889,62928,937864, o 
1,00012,09381,26397,13459,439 1944 A 
12,09454439412,34281,90436,3 FA 
73,13015,20822,465 16,9 B 
73413899,65732,2343%,5 FB 
884,44909,76921.5 C 
1,00006,04672,35055,30968,01690,5 A 
6,04690,63198,56729,71959,7 FA} 
18.28143,25761,703 59,2 B 
18 282 53,802035,616253 4B 
110, 4443.901270, o C 
1 10,556 43,283155Ä IS 
1169.084«q.2 D 
1,00003,02 331,00505,057759904794 A 
3202336,17527-65484,00800,2 FA 
4,57921,99708,04320,8 B 
4,5703 5,8 1440, 42589, 25 
13,81732,38269, o C 
13,81805,48908,97 JC 
7341063947 D 
73, 11302, 8 JD 
6625 E 
1,00001,5 770450 5999505072, 5048, 8 A 
1,51165, 802 52,82887,98239,7 EA 
1,14253,77215,03190,9 B 
Hitherto the 1,1425 5, 49927, 1080, 2 IB 
(maller differences 1,72711,97859,3 > 
re found by ſub- 1,72716,54783,5 3 
rraQting the larger from 4,6894, 3 D 
the parts of the like pre- 4,569 15, 35D 
zcding ones. 20,7 E 
2 20.7 22 K. 
ere rne greater diſtereuces 65 [Ja 
remain after ſubtracting 28555589 | 4D 
the ſmaller from the parts 28588724 D 
of the difference of 21888,9 9736,16 3 
the next preceding 21558,71180,92 | C 
number. 28563,44303,75797,72 | IB 
28563,22715,04616,80 | B 
75532,32999,52836,47524,40 | FA 
1.00090. 75582,04436,30121,42907, 60 | A 
2 172 E 
1784,70 D 
1784568 D 
2698,58897,62 | 1 
2695,57112,94 C 
7140, 80078, 76154, 20 45 
7140, 7980, 19041 526 B 
37791,02218,15060,71453,80 | FA 
100900,37790,95077,37080,52412,54 | A 


ad (B), 3d (C), 4th (D), &c differences, be as here below, viz. 
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A= 
ATA HA Ar A, on. 

. 23A5+ 7A%+ 1015A7 + 124A*+ T11A9+þ _ (Log A 

+» 13GA%+ 81zA7+ 2967 A+ 834449 + 19837 1A &c. 
, . I2277A\'+1510%4AT+II475TEH AS G08372345y AC. 
. . . 1937425 A +4715129%;A9 + 706845 TSA KN 
3 - * $49027,4A%+2558465;}25*3A"*&c. 
. . , , . 2805 2A o. 


Thus in the 9th number of the foregoing example, omitting the 
jphers at the beginning of the decimals, we have 


1,5 1164,65999,05672,95048,8 

- 2,28507,54430,06381,0726 

- 345422,05239,48546,2 
5, 22156, 97802, 288 
„ 7,893 16, 8205 
- << 1193166, 


Conſequently, 
1A: = 1,14253,77215,03190,8303 = B 
1A3 - 1,72711,32019,74273 

TALE. 65269,02225 
LA“ 1,72711,97889,30498 = C 
JA, 450837435577 

1AS - 6, 90652 

75A . 

FA TTA A“ 4, 56894, 26234 = D 
23A5 20, 71957 
„„ 

W2iA5S +75AS < 420, 2040 = E 

lich agree with the like differences in the foregoing ſpecimen. 


In the ninth chapter, after obſerving that from the logarithms of | 
> 2, 3, 5, and 10, before found, are to be determined, by addition | 
d ſubtraction, the logarithms of all other numbers which can be | 
roduced from theſe by multiplication and diviſion z for finding the 
garithms of other prime numbers, inſtead of that in the ſeventh 
apter, our author then ſhews another ingenious method of ob- 
ming numbers beginning with 1 and ciphers, and ſuch as to bear 
certain relation to ſome prime number, by means of which its lo- 
rithm may be found. 'The method is this : Find three products 
ving the common difference 1, and ſuch that two of them are pro- 
ced from factors having given logarithms, and the third produced 
om the prime number, whoſe logarithm is required, either multi- 


Wd by itſelf, or by ſome other number whoſe logarithm is * 
en 
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then the greateſt and leaſt of theſe three products being multiplied 
together, and the mean by itſelf, there ariſe two other products alſo 
differing by 1, of which the greater divided by the leſs, gives for ; 
quotient 1 with a ſmall decimal, having ſeveral ciphers at the begin. 
ning. Then the logarithm of this quotient being found as before, 
from thence will be deduced the required logarithm of the given 
prime number. Thus, if it be propoſed to find the logarithm of the 
prime number 7; here 6 X 8 = 48, 7 X 7 = 49,and 5 X 10 = go, 
will be the three products, of which the logarithms of 48 and go, 
the 1it and 3d, will be given from thoſe of their factors 6, 8, 5, 10; 
alſo 48 X 50 = 2400, and 49 & 49 = 2401 are the two new produdy, 
and 2401 — 2400 = 1,000417 their quotient : then the leaſt of 44 
means between 1 and this quotient 1s 

1,00000,00000,00000,02367,98249,04333,6405, which multiplied by 
43429 &c, produces 0,00000,00000,00000,0102d>,40172,88387,29715 
for its logarithm z3 which being 44 times doubled, or multiplied by 
17592186044416, produces 0,00018,09183,45421,30 for the logs. 
rithm of the quotient 1, 00414; which being added to the logarithm 
of the diviſor 2400, gives the logarithm of the dividend 2401; then 
the half of this logarithm 1s the logarithm of 49 the root of 2401, and 
the half of this again gives 0,84509,80400,14256,82 for the logarithm 
of 7, which is the root of 49. The author adds another example to 
illuſtrate this method; and then ſets down the requiſite factors, pro- 
ducts, and quotients for finding the logarithms of all other prime 
numbers up to 100. | 

The 10th chapter is employed in teaching how to find the logs. 
rithms of fractions, namely by ſubtracting the logarithm of the de- 
nominator from that of the numerator, then the logarithm of the 
fraction 1s the remainder ; which therefore 1s either abundant or 
defective, that is poſitive or negative, as the fraction is greater or lels 
than 1. 

In the 11th chapter is ſhewn an ingenious contrivance for very a- 
curateiy finding intermediate numbers to given logarithms, by the 
proportional parts. On this occaſion it is remarked, that while the 
abſolute numbers increaſe uniformly,the logarithms increaſe unequally, 
with a decreaſing increment for which reaſon it happens, that either 
logarithms or numbers corrected by means of the proportional parts, 
will not be quite accurate, the logarithms ſo found being always too 

ſmall, and the abſolute numbers ſo found too great; but yet ſo hov. 


ever as that they approach much neaxer to accuracy towards the end] 


of the table, where the increments or differences become much 
nearer to equality, than in the former parts of the table. And from 
this property our author, ever fruitful in happy expedients to obviate 
natural difficulties, contrives a device to throw the proportional part, 
to be found from the numbers and logarithms, always near the end of 
the table, in whatever part they may happen naturally to fall. And 
it is this: Rejecting the characteriſtic of any given logarithm, whole 
number is propoſed to be found, take the arithmetical complement 


the decimal part, by ſubtracting it from 1,000 &c, the logarithm of 


10; then find in the table the logarithm next leſs than this 1 5 
| e 


\W mctical complement, together with its abſolute number; to this ta- 
WY bular logarithm add the logarithm that was given, and the ſum will 
be a logarithm neceſſarily falling among thoſe near the end of the 
table; find then its abſolute number, corrected by means of the pro- 
portional part, which will not be very inaccurate, as falling near the 
end of the table; thi: being divided by the abſolute number, before 
found for the logarithm next leſs than the arithmetical complement, 
the quotient will be the required number anſwering to the given lo- 
garithm 3 which will be much more correct than if it had been found 
from the proportional part of the difference where it naturally hap- 
pened to fall: and the reaſon of this operation is evident from the 
nature of logarithms. But as this diviſor, when taken as the num- 
ber anſwering to the logarithm next leſs than the arithmetical com- 
plement, may happen to be a large prime number; it is farther re- 
marked, that inſtead of this number and its logarithm, we may uſe 
the next leſs compoſite number which has ſmall factors, and zzs lo- 
garithm; becauſe the diviſion by thoſe ſmall factors, inſtead of by the 
number itſelf, will. be performed by the ſhort and eaſy way of divi- 
ſion in one line. And for the more eaſy finding proper compoſite 
numbers and their factors, our author here ſubjoins an abacus or liſt 
of all ſuch numbers, with their logarithms and component factors, 


are immediately obtained by inſpection. Thus, for example, to find 
the root of 10Boo, or the mean proportional between 1 and 16800 : 
The logarithm of 10800 is 4,03342,37554,86g5, the half of which is 


metical complement of which logarithm is 0,98328,81222,5653 ; now 
the neareſt logarithm to this in the abacus is 0,98227,12330,3957, 
and its annexed number is 9600, the factors of which are 2, 6, 8; to 
this laſt logarithm adding the logarithm of the number ſought, the 
lum is 0,99898,31107,8 304, whoſe abſolute number, corrected by 
the proportional part, is 99766,12651,6521, which being divided 
continually by 2, 6, 8, the factors of 96, the laſt quotient is 

103, 92304845471; which is pretty correct, the true number being 
ict 103, 923048454133 = 4/ 10800. Wo 

ts, We now arrive at the 12th and 13th chapters, in which our inge- 
(00 WF ious author firſt of all teaches the rules of the Differential Method, 
. n conſtructing logarithms by interpolation from differences. This 
nd His the ſame method which has ſince been more largely treated of by 


ach later authors, and particularly by the ingenious Mr. Cotes in his Cano- 


on g aotechnia. How Mr. Briggs came by it, does not well appear, as he 


ate only delivers the rules, without laying down the principles or in- 
art, I veſtigation of them. He divides the method into two caſes, namel 
| of when the ſecond differences are equal or nearly equal, and when the 
by ifferences run out to any length whatever. The former of theſe is 
| 


treated in the 12th chapter; and he particularly adapts it to the in- 

00 Polating g equidiſtant means between two given terms, evidently 

or this reaſon, that then the powers of 10 become the principal mul- 

tipliers or diviſors, and ſo the operations performed mentally. The 

übſtance of his proceſs is this: Having given two abſolute agus 
wit 
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from looo to 10000; from which the proper logarithms and factors 


2,01671,18777,4347 the logarithm of the number ſought, the arith- 
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x, will be thus, z = A+xa+x. 


ſucceſſively equally to A+ NaT ZS Tea Tze = 50+ x456)| 


a - - 
ces. Where it is to be 
| 5 A+ 55a + +0 


and proceed with it the ſame as above with one of the equal 2d dife 


thod of finding the proportional part more accurately than before. 
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with their logarithms, to find the logarithms of 9 arithmetical meang 
between the given numbers: Between the given logarithms take the 
1ſt difference, as well as between each of them 


and their next or equidiſtant greater and leſs lo= | 1 45 5 
garithms; and likewile the 2d differences, or the 2 35 2 5 
two differences of theſe three iſt differences; | 3 | 25 32 
then if theſe 2d differences be equal, multiply 4 15 2 
one of them ſeverally by the numbers 45, 35, 43.5 3. 
&c, in the annexed tablet, dividing each pro- 6 > WY 
duct by 1000, that is cutting off three figures - | 7 | 15 <% - 
from each; laſtly, to 4, of the iſt difference 8 i 5 
of the given logarithms add ſeverally the firſt ?] 35 28. 
five quotients, and ſubtract the other five, ſo 2 


{hall the ten reſults be the reſpective iſt differ- 
ences to be continually added, to compoſe the required ſeries of lo. 
garithms. Now this amounts to the fame thing as what is at this day 
taught in the like cafe : we know that if A be any term of an equidil- 
tant ſeries of terms, and a, b, c, &c, the firſt of the iſt, 2d, 3d, &c order 
of differences; then the term z, whoſe diſtance from A is expreſſed by 


X—] Xo] & — 2 oo 
3 b + x. xs C + &Cc. And 
if now, with our author, we make the 2d differences equal, then c, d, 
2, &c, will all vaniſh or be equal to o, and z will become barely 


x — ＋ 

* |] Serics of terms. The Differences. 
= | , 

Therefore if we take x | 4 


=4 +xa + x. 


2 16 9 7 L—_! 35 
ISI drr bsc, We {hall At 184 + WL ob | 1 o +250 =1'o@ + rae) 
7 : At $a +546 iS 
have the annexed feriesof 1 ee ee, 1s} 
terms with their differen- Ab+#,0+ 2687 | 50 xs wk T 158: 
4 + 10 + 2885 110 ＋ TY ob — 8 + row) 
obſ. , that our author 750 2% e 
12 7 2 Pe 
erved, tha author AT re 0 D- 280 Ta- 5530 
had reduced the differen- 2+ az | La—23b=/5a= 33836) 
ces from the iſt to the [44 1a Tz 08D | a 22 e -i Sb 
2d form, as he thought | 4+ 4 [84-282 194 — 1 8875 
it eaſter to multiply by 5 ee 4s 


than to divide by 2. Alfo all the laft terms (x.—- b) are ſet down p0- 


ſitive, becauſe in the logarithms 6 is negative.—If the two 2d difter-J 
ences be only nearly equal, take an arithmetical mean between them 


ferences.—He alſo ſhews how to find any one ſingle term, indepen- 
dent of the reſt; and concludes the chapter with pointing out a me. 


In the 13th chapter our author remarks, that the beſt way of filling 
up the intermediate chiliads of his table, namely from 20000 to 90009 
is by quinquiſection, or interpoſing four equidiſtant means between 
two given terms; the method of performing which he thus partic 
larly deſcribes. Of the given terms, or logarithms, and two or three 
others on each fide of them, take the 1ſt, 2d, 3d, &c, 1 
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till the laſt differences come out equal, which ſuppoſe to be the gth 
differences: divide the iſt differences by 5, the 2d by 25, the 3d by 
125, the 4th by 625, and the 5th by 3125, and call the reſpective 
quotients the 1ſt, 2d, 3d, 4th, 5th mean differences; or, in ead of 
dividing by theſe powers of 5, — by their reciprocals F, 1888 
red TEST T655569 that is multiply by 2, 4, 8, 15, 3, cutting 
of reſpectively one, two, three, four, five figures from the end of the 
products, for the ſeveral mean differences: then the ath and 5th of 
theſe mean differences are ſuffieiently accurate, but the 1ſt, 24, and 
za are to be corrected in this manner; from the mean third differen- 
ces ſubtract three times the 5th difference, and the remainders are the 
grref zd differences; from the mean 2d differences ſubtract double 
the 4th differences, and the remainders are the correct 2d differences; 
laſtly, from the mean 1ſt differences take the correct 3d differences, 
and £ of the 5th difference, and x remainders will be the correct 
firſt differences. Such are the corrections when the differences extend 
as far as the 5th. However, in completing thoſe chiliads in this 
way, there will be only 3 orders of differences, as neither the gth nor 
5th will enter the calculation, but will vaniſh through their ſmallneſs: 
therefore the mean 2d and 3d differences will need no eorrection, and 
the mean firſt differences will be corrected by barely ſubtracting the 
za from them. "Theſe preparatory numbers being thus found, all 
the 2d differences of the logarithms required, will be generated by 
adding continually, from the leſs to the greater, the conſtant 3d dif- 
ference ; and the ſeries of 1ſt differences will be found by addin 
the ſeveral 2d differences; and laſtly, by adding continually theſe + 
differences to the rſt given 0 &c, the required logarithmic 
terms will be e TTY 
Theſe eaſy rules being laid down, Mr, Briggs next teaches how 
by them the remaining chiliads may beſt be completed: namely, 
having here the logarithm for all numbers up to 20000, find the log- 
arithm to every 5 beyond this, or of 20005, 20010, 20015, &c, in this 
manner; to the logarithms of the 5th part of each of theſe, namely 
4901, 4202, 4003, &c, add the conſtant logarithm of 5, and the ſums 
will be the logarithms of all the terms of the ſeries 20005, 200 o, 
20015, &c: and theſe logarithms will have the very ſame differences 
as thoſe of the ſeries 4001, 4002, 4003, &cz by means of which 
therefore interpoſe 4 equidiſtant terms by the rules above; and thug 
the whole canon will be eaſily 1 | 
He here alſo extends the rules for correcting the mean differences 
in quinquiſection, as far as the z0th difference; he alſo lays down 
ſimilar rules for triſection, and ſpeaks of general rules for any other 
ſection, but omitted as being leſs eaſy. So that he appears to have 
been poſſeſſed of all that Cotes afterwards delivered in his Canontechs 
nia five Conſtructio Tabularum per Differentias, drawn from the Differen- 
tral Method, as their general rules exactly agree, Briggs's mean and 
correct differences being by Cotes called round and quadrat differences, 
becauſe he expreſſes + vac by the numbers ly 2, 33 &KCg written re- 
ſpectiyely in a ſmall circle and ſquare. 
* Mr. 
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Mr. Briggs alfo obſerves that the ſame. rules equally apply to the 
conſtruction of equidiſtant terms of any other kind, ſuch as: fines, 
tangents, ſecants, the powers of numbers, &c : and farther remarks, 
that of the fines of three equidifferent arcs, all the remote differences 
may be found by the rule of proportion, becauſe the fines and their 
2d, 4th, 6th, 8th, &c, differences, are continued proportionals, as are 
alſo the 1ſt, 3d, 5th, 7th, &c differences, among themſelves ; and like 
as the 2d, 4th, 6th, &c differences are proportianal ro the fines of the 
mean arcs, ſo alſo are the 1ſt, 3d, 5th, & e differences proportional to 
the coſines of the ſame arcs. Moreover, with regard to the powers of 
numbers, he remarks the following curious properties; iſt, that 
they will each have as many orders of differences as are denoted by 
the index of the power, the ſquares having two orders of differences, 
the cubes three, the 4th powers four, &c; ſecond, that the laſt dif. 
ferences will be all equal, and each equal to the common difference 
of the ſides or roots raiſed to the given power and multiplied by 
1X 2X 3X 4 &c, continued to as many terms as there are units in 
the index; ſo if the roots differ by 1, the ſeconddifference of the ſquares 
will be each 1 X 2 or 2, the 3d differences of the cubes each 1 Xx 2 
X 3 or 6, the 4th differences of the 4th powers each 1 X2 Xx 3 * 4 
or 24, and ſo on; and if the common difference of the roots be an 
other number », then the laſt differences of the ſquares, cubes, 4 
powers, 5th powers, &c, will be reſpectively 237, Gn, 24:4, 12015, &c. 

Beſides what was ſhewn in the eleventh chapter concerning the 
taking out the logarithms of large numbers by means of proportional 

arts, he employs the next or 14th chapter in teaching how, from the 
Feſt ten chiliads only, and a ſmall table of one page, here given, to 
find the number anſwering to any logarithm, and the logarithm to any 
number conſiſting of fourteen places of figures “. 

Having thus fully ſhewn the conſtruction and chief properties of 
His logarithms, our nou author, in the remaining eighteen 
chapters, exemplifies their uſes in various curious and important 
ſubjects; ſuch as The Rule-of-three, or Rule of Proportion; finding 


— 
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It is no more than a large exemplification of this method of Briggs's that has 
been printed ſo late as 1771, in a to tract by Mr. Robert Flower, under the title of 
The Radix, A New Way of making Logarithms. Although Briggs's work might not 
be known to this writer, —Since this was written I have been favoured with the fol- 
Towing anecdote, concerning Mr. Flower and his work, by the Rev. Dr. Herſlcy, 
the learned editor of the works of Sir I. Newton. This Robert Flower was a very 
obſcure, and probably an illiterate man. He was maſter of a writing ſchool in the 
town of Biſhop Stortford, in Hertfordſhire. He communicated his Radix, before he 
publiſhed it, to my late learned friend Math. Raper, Efq. of Thorley Hall. I was 
at Thorley at the time, upon a viſit to my father, who was rector of the pariſh; 
and I well remember that Mr. Raper told me with great ſurprife, that Flower (who 
was known to us both by name as the writing-maſter of the neighbouring market 
town) had fallen upon Briggs's way of finding all logarithms Gan the firſt ten 
chiliads. And he was ſo well perſuaded that Flower had made the diſcovery for 
himſelf, without any light from Briggs, that with his accuſtomed munificence he 
rewarded the man's ingenuity with a preſent of ten guineas; informing him I believe 


chat kis work had been done before, and diffuading the publication,” he 


— 
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the roots of given numbers; finding any number of mean propor- 
tionals between two given terms; with other arithmetical rules: alſo 
various geometrical IJubjects, as 1ſt, Having given the hides of any 
plane triangle, to find the area, perpendicular, angles, and diameters 
of the infcribed and circumſcribed circles; 2d, In a right-angled 
triangle, having given any two of theſe, to find the reſt, viz. one leg 
and the hypotenuſe, one leg and the ſum or difference of the hypo- 
tenuſe and the other leg, the two legs, one leg and the area, the area 
and the ſum or difference of the legs, the hynotenaſe and ſum or 
difference of the legs, the hypotenuſe and area, and the perimeter 
and area; 3d, Upon a given baſe to deſcribe a triangle equal and 
iſoperimetrical to another triangle given; 4th, To deſcribe the cir- 
cumference of a circle ſo, that te ree diſtances from any point in 
it to the three angles of a given plane triangle, ſhall be to one ano- 
ther in a given ratio; 5th, Having given the baſe, the area, and the 
ratio of the two ſides of a plane triangle, to find the ſides; 6th, 
Given the baſe, difference of the ſides, and area of a triangle, to find 
the ſides ; 7th, To find a triangle whoſe area and perimeter ſhall be 
expreſſed by the ſame number; 8th, Of four given lines, of which 
the ſum of any three is greater than the fourth, to form a quadrila- 
teral figure about which a circle may be deſcribed; gth, Of the dia- 
meter, circumference, and area of a circle, and the ſurface and ſoli- 
dity of the ſphere generated by it, having any one given, to find any 
of the reſt; 1oth, Concerning the ellipſe, ſpheroid, and gauging 3 
11, To cut a line or a number in extreme and mean ratio; 12th, 
Given the diameter of a circle, to find the ſides and areas of the in- 
ſeribed and circumſcribed regular figures of 3, 4, 5, 6, 8, 10, 12, and 
lixteen ſides; 13th, Concerning the regular figures of 7, 9, 15, 24, 
and 3o ſides; 14th, Of iſoperimetrical regular figures; 15th, Of equal 
regular figures; and 16th, Of the ſphere and the 5 regular bodies; 
which cloſes this introduction. Such of theſe problems as can ad- 
mit of it, are determined by elegant geometrical conſtructions, and 
they are all illuſtrated by accurate arithmetical calculations per- 
formed by logarithms; for the exemplification of which they are 
purpoſely given. INS 
At the end he remarks, that the chief and moſt neceſſary uſe of 
logarithms, is in the doctrine of ſpherical trigonometry, which he here 
13 to give in a future work, and which was accompliſhed in 


is Trigonometria Britannica, to the deſcription of which we now 
proceed. . 


Of BRIGGS's Trigonometria Britannica. 


At the cloſe of the account of writings on the natural fines, tan- 
gents, and ſecants, I omitted the deſcription of this work of our 
learned author, although it is perhaps the greateſt of this kind, all 
things conſidered, that ever was executed by one perſon ; purpoſely 
reterving my account of it to this place, not only as it is connected 
with the- invention and conſtruction of logarithms, but thinking it 


L 2 deſerved 
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deſerved more peculiar and diſtinguiſhed notice, on account. of the 
mportance and originality of its contents. .. 'The diviſion of the 
quadrant, and the mode of eonſtruction, are both new; and the 
numbers are far more accurate, and are extended to mare places, than 
they had ever been before. The circular arcs had always been di- 
vided in a ſexageſimal proportion; but here the quadrant is divided 
into de.;rees and decimals, as this is a much eaſier mode of compu. 
tation than by 6cths ; the diviſion being completed only to 190ths of 
degrees, though his deſign was to have extended it to i oooths of de. 
grees. And, beſides his own private opinion, he was induced to 
adopt this method of decimal diviſions, partly at the requeſt of other 


* ons, and partly perhaps from the authority of Vieta, pa. 29 C. 


ndarii Gregoriani. And it is probable that computations by this de- 
cimal diviſion would have come into general uſe, had it not been for 
the publication of Vlacq's tables, which were extended to every 19 
ſeconds, or 6th parts of minutes. But beſides this method by a de- 
cimal diviſion of the degrees, of which the whole circle contains 
360, or the quadrant 9o, in the 14th chapter he remarks that ſome 
other perſons were inclined rather to adopt a complete decimal divi 
ſion of the whole circle, firſt into 100 parts, and each ot theſe into 
1000 parts; and for zheir ſakes he ſubjoins a ſmall table of the fines 
of every 40th part of the quadrant, and remarks that from theſe few 
the whole may be made out by continual quinquiſeCtions ; namely, 
5 times theſe 40 make 200, then 5 times theſe give 1000, thirdi 
5 times theſe give g oo, and laſtly, 5 times theſe give 25000 for the 
whole quadrant, or 160000 for the whole circumference. 
But to return. Our author's large table conſiſts of natural fins 
to 15, places, natural tangents and ſecants each to 10 places, logarith- 
mic fines to 14 places, and logarithmic tangents to 10 places, each 
befides the characteriſtic. A moſt ſtupendous perlormance! The 
table is preceded by an introduction, divided into two boi ks, the one 
containing an accourit of the truly ingenious conſtruction of the 
table; by the author himſelf z and the other its uſes in trigonometry, 
&c, by Henry Gellibrand, profeſſor of aſtronomy in Greſham College, 
who remarks in the preface that the work was compoſed by the au- 
thor about the year 100; though it was only publiſhed by the di- 
reQicn of Gellibrand in 1633, it having been printed at Gouda un- 
der the care of Vlacq, and by the printer of his Trigenometria Artif» 
cialis, which came out the fame year. 


* 


After briefly mentioning the common methods of dividing the 


quadrant, and conſtructing the tables of ſines, &c, from the ancients 
down to his own time, he haſtens to the deſcription of his own 6 
culiar and truly ingenious method, which is briefly this: having firſt 
divided the quadrant into a ſmall nun ber of parts, as 72, he finds the 


ſine of one of tl oſe parts, then from it the ſines of the double, triple, 


quadruple, &r, vp to the quadrant or 72 parts. He next quinqu» 
As each of theſe parts, by interpoſing four equidiſtant means, by dif 


ferences ; he then quinquiſects each of thee ; aud ſinallj each of yo 
again 
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again; which completes the diviſion as far as degrees and centeſms. 
The rules for performing all theſe things, he inveſtigates and illuſ- 
trates in a very ample manner. In treating of multiple and ſubmul- 
tiple arcs, he gives general algebtaical expreſſions for the ſine or 
chord of any multiple whatever of a given arc, which he deduced 
from a geometrical figure, by finding the law for the ſeries of ſucceſs 
five multiple chords or fines, after the manner of Vieta, who was the 
firlt perſon that I know of, who laid down general rules for the chords 
of multiples and ſubmultiples of arcs or angles: and the fame was 
afterwards improved by Sir I. Newton, to ſuch form, that radius, 
and double the coſine of the firſt given angle, are the firſt and ſecond 
terms of all the proportions for finding the fines and coſines of the 
multiple angles. For aſſigning the coefficients of the terms in the 
multiple expreſſions, our author here delivers the conſtruction of figu- 
tate or polygonal numbers, inſerts a large table of them, and 
teaches their ſeveral uſes; one of which 1s that every other number 
taken in the diagonal lines, furniſhes the coefficients of the terms of 
the general equation by which the ſines and chords of multiple arcs 
are expreſſed, which he amply illuſtrates ; and another, that the ſame 
diagonal numbers conſtitute the coefficients of the terms of any power 
of a binomial z which property was alſo mentioned by Vieta in his An- 
gulares Sectiones, theor. 6, 7 3 and, before him, pretty fully treated of 
by Stifelius, in his Arithmetica Integra, fol 44 & ſeq; where he 
inſerts and makes the like uſe of ſuch a table of figurate numbers, in 
extracting the roots of all powers whatever. But 1t was perhaps 
known much earlier, as appears by the treatiſe on figurate numbers 
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Cardan ſeems to aſcribe this diſcovery to Stifelius. See his Opus 
Novum de Proportionibus Numerorum, where he quotes it, and ex- 
tracts the table and its uſe from Stifel's book, Cardan, in pa. 135 &c 
of the ſame work, makes uſe of a like table to find the number 
variations, of conjugations, as he calls them., Stevinus too makes uſe 
of the ſame coefficients and method of roots as Stifelius. See his Ariths 
page 25. And even Lucas de Burgo extracts the cube root by the 
lame coefficients, about the year 1470. But he does not go to any 
js higher roots. And this is the firſt mention I have {cen made of this 
„ku of the coefficients of the powers of a binomial, commonly called 
fo Sir I, Newton's binomial theorem, although it is very evident that Sir 
Iſaac was not the firſt inventor of it, the part of it properly belongi 

10 do him ſeems to be only the extending of it to fractional enn 
ts was indeed an immediate effect of the general method of denoting 
e- al roots like powers with fractional exponents, the theorem being 
t bod at all altered. However it appears that our author Briggs was the 
he i firſt who taught the rule for generating the coefficients of the terms, 
„ fueceſſively one from another, of any power of a binomial, independent 
i of thofe of any other power. For having ſhewn, in his Abacus 
Nzyxgnrog (which he ſo calis on account of its frequent and excellent 
ule, and of which a ſmall ſpecimen is here annexed), that the * 
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by Nicomachus, (fee Malcolm's Hiſtory, p. xviii). Though indeed 
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the diagonal directions, aſcending from right to left, are the coefficienh 
of the powers of binomials, the indices being the figures in the firſt per. 
pendicular column A, which are alſo the coefficients of the 2d terms d 
each power (thoſe of the firſt terms being 1, are here omitted); and that 
any one of theſe diagonal numbers 1s 1n proportion to the next higherin 
the diagonal, as the vertical of the former 1s to the marginal of the lat 
ter, that is, as the uppermoſt number in the column of the former is t 
the firſt or right-hand number in the line of the latter; having ſhemn 
theſe things, I ſay, he thereby teaches the generation of the coefficients 
of any power, independently of all other 8 by the very ſame 
law or rule which we now uſe in the binomial theorem. Thus, 
for the gth power; 9 being the cveſficient of the zd term, and! 
always that of the firſt, to find the 3d coefficient we have 2: 8:: 
9: 36; for the 4th term, 3:7:: 36: 84; for the 5th term, 4: 6: 
84: 126; and fo on for the reſt. That is to ſay, the coefficients of 
the terms in any power m, are inverſely as the vertical numbers ot 
firſt line 1, 2, 3, 4 + - + . n, and directly as the aſcending numbers , 
m—1, m — 2, M—J, ++». . I in the firſt column A; and that conſe 
quently thoſe coefficients are found by the continual multiplication of 


theſe fractions 77 


m— I 3 
„ which is the ver 


2 3 4 11 
theorem as it ſtands at this day, and as applied by Newton to roots of 
fractional! exponents, as it had before been uſed for integral powers | 
This theorem then being thus plainly taught by Briggs about the 
year 1600, I am ſurpriſed how a man of ſuch general reading as Dr. 
Wallis was, could poſſibly be ignorant of it, as he plainly appears to 
be by the 85th chapter o bis Wel where he fully aſcribes the in» 
vention to Newton, and adds that he himſelf had formerly ſought 
aſter ſuch a rule, but without ſucceſs : Or how Mr. John Bernoulli 
not half a century ſince, could himſelf firſt diſpute the invention of this 
theorem ** Newton, and then give the diſcovery of it to M. * 
| 8 v 
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who was not born till long after it had been taught by Briggs. See 


hBernoulli's Works, vol. 4, pa. 173. But I do not wonder. that Briggs's 


remark was unknown to Newton, who owed almoſt every thing to 
genius, and deep meditation, but very little to reading: and I have 
no doubt that he made the diſcovery himſelf, without any light from 
Briggs, and that he thought it was new for all pawers in general, as 
it was indeed for roots 'and quantities with fractional and irrational 
exponents. OI | 
When the above table of the ſums of figurate numbers is uſed 
by our author in determining the coefficients of the terms of the 
equation, whoſe root is the chord of any ſubmultiple of an arc, as 
when the ſection is expreſſed by any uneven number, he remarks that 
the powers of that chord or root will be the 1ſt, 3d, 5th, 7th, &c, 
in the alternate uneven columns, A, C, E, G, &c, with their ſigns 
+ or — as marked to the powers, continued till the higheſt power 
be equal to the index of the ſection; and that the coefficients of 
thoſe powers are the ſums of two continuous numbers in the ſame 
column with the 2 beginning with 1 at the higheſt power, 
and gradually deſcending one line obliquely to the right at each 
lower power: ſo for a triſection, the numbers are 1 in C, and 1 + 2 
=3 in A; and therefore the terms are — 10 + 30 D: for a quinqui- 
ſection, the numbers are 1 in E, 1 ＋ 425 in C, 21 3 2 5 in A; 
ſo that the terms are 10 — 5(J)+ 5: for a ſeptiſection, the num- 
bers are 1 in G, 1 + 6 7 in E, 4 + 10 = 1a in C, and 3 + 4= 
7 in A; and ſo the terms are — 10 +79) —14)+70O: and fo 
on; the ſum of all theſe terms being always equal to the chord of the 
whole or multiple are. But when the ſection is denominated by an 
even number, the ſquares of the chords enter the equation inſtead of 
the firſt powers as before, and the dimenſions of all the powers are 
doubled, the coefficients being found as before, and therefore the 
powers and numbers will be thoſe in the 2d, 4th, 6th, &c, columns : 
and the uneven ſeCtions may alſo be expreſſed the ſame way: hence, 


for a biſection the terms will be —1@)+4© ; for a triſection 
10 —-6@) + 9(®); for the quadriſection = 10 +8@ =20@)+ 16Q z 
for - the quinquiſection 109 - 10Y)+ 352 — 504 +25; and 


ſo on, 


8 ik 2 ſub- F T FTP | C| B # 
s another table, a | BL _ (OR 

imall ſpecimen of which +©|+& ©] © +© © | 
ishere annexed, in which. RR war WE. 
the firſt column confiſts | | 7. | © | $5 | 4-| 3. 
of the uneven numbers, | 2 4 14 9 5 | 
I, 3, 5, &c, the reſt 30 IP q 
being found by addition OP. 
as before, and the al- — 


ternate diagonal numbers themſelves are the coefficients. 7 
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The method is quite different from 
that of. Vieta, who gives another table 
for the like purpoſe, a ſmall part of 
which is here annexed, which is 
formed by adding from the number 2 
downwards obliquely towards the 
right; and the coefficients of the terms 
ſtand upon the horizontal line. 
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Theſe angular ſections were afterwards farther diſcuſſed by 
Oughtred and Wallis. And the ſame theorems of Vieta and Briggs 
have been fince given in a different form, by Mefirs. Herman, and the 
Bernoullis, in the Le pic As, and the Memoirs of the Roy I Academy 
of Sciences, Theſe theorems they expreſſed by the alternate terms 
of the power of a binomial, whoſe exponent is that of the multiple 
angle or ſection. And Mr. De Lagny, in the fame Memoirs, firſt 
ſhewed that the tangents and ſecants of multiple angles are alſo ex- 
2 the terms of a binomial, in the form of a fraction, of which 

ome of thoſe terms form the numerator, and others the denominator. 
Thus, if 7 expreſs the radius, f the fine, c the cofine, ? the tangent 
and / the ſecant of the angle 4; then the fine, coſine, tangent, an 


C 


ſecant of = times the angle, are expreſſed thus, vis. 
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where it is evident that the ſeries in the ſine of „ A conſiſts of the 
even terms of the power of the binomial c Tel, and the ſeries in the 
coſine of the uneven terms of the fame power; alſo the ſeries in the 
numerator of the tangent conſiſts of the even terms of the power 
, and the denominator, both of the tangent and ſecant, conſiſts 
of the uneven terms of the ſame power 1. And if the diameter, 
chord, and chord of the ſupplement, be ſubſtituted for the radius, 
ſine and cofine, in the expreſſions for the multiple fine and conn 
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the reſult will give the chord and chord of the ſupplement of n times 
the arc or angle 4. Theſe and various other expreſſions for multi- 
8 and ſubmultiple arcs, with other improvements in trigonometry, 


ave alſo been given by Euler and other eminent writers on the ſub- 


ect. | | | 
g The before mentioned M. De Lagny offered a project for ſubſti- 


tuting, inſtead of the common logarithms, a binary arithmetic, 
which he called the natural logarithms, and which he and M. Leib- 
nitz ſeem to have both 8 about the ſame time, independentl 

of each other: but the project came to nothing. Mr. De Lagny alſo 
publiſhed, in ſeveral Memoirs of the Royal Academp, a new method 
of determining the angles of figures, which he called Goniometry. It 
conſiſts in meaſuring with a pair of compaſſes the arc which ſubtends 
the angle in queſtion ; however this arc is not meaſured by applying 
its extent to any preconſtructed ſcale, but by examining what part it 
is of half the circumference of the ſame circle, in this manner : 
from the propoſed angular point as a centre, with a ſufficiently large 
radius, a ſemicircle being deſcribed, a part of which is the arc inter- 
cepted by the ſides of the propoſed angle, the extent of this arc is 
taken with a pair of fine compaſſes, and applied continually upon the 
arc of the ſemicircle, by which he finds how often it is contained in 
the ſemicircle, with uſually a ſmall arc remaining; in the ſame man- 


ner he meaſures how often this remaining arc is contained in the firſt 


arc, and what remains again 1s applied continually to the firſt re- 
mainder, and ſo the 3d remainder to the 2d, the 4th to the 3d, and fo 
on till there be no remainder, or elſe till it become inſenſibly ſmall. 
By this proceſs he obtains a ſeries of quotients, or fractional parts, 
one of another, which being properly reduced into one, give the ra- 
tio of the firſt arc to the ſemicircumference, or of the propoſed angle, 
to two right angles or 180 degrees, and conſequently that angle in 
degrees, minutes, &c, if required, and that commonly, he ſays, to a 
degree of accuracy far exceeding the calculation of the ſame by means. 
of any tables of fines, tangents or ſecants, notwithſtanding the apparent 
paradox in this expreſſion at firſt ſight. Thus, if the iſt arc be 4 
times contained in the ſemicirele, the remainder once contained in 
the firit arc, the next five times in the ſecond, and finally the fourth 
two times in the third: Here the quotients are 4, 1, 5, 23 conſequent- 


ly the ſourth or laſt arc was 2 the 3d; therefore the 3d was or _ 
. ws N 


of the 2d, and the 2d was 


or = of the iſt, and the firſt or arc 
1 2 : 
I | ; 
eee 13 3 b 
lought, was 4.4% or 53 of the ſemicircle ; and conſequently it con- 
| I 3 : 


tains 1373 degrees, or 27 g” 3 4 Fe Hence it is evident that this me- 


thod is in fact nothing more than an example of continued fractions, 


the firſt inſtance of which was given by my lord Brouncker. 


But to return from this long digreſſion, Mr. Briggs next treats of 
| M interpo- 
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afraid of an intention to deprive him of the honour of the invention 


interpolation by differences, and chiefly of quinquiſection, after thy 
manner uſed in the 13th chapter of his conſtruction of logarithm 
before deſcribed. He here proves that curious property of the ſinet 
and their ſeveral orders of differences, before mentioned, namel 

that, of equidifferent arcs, the fines, with the 2d, 4th, 6th, &c dif. 
ferences, are continued proportionals; as alſo the coſines of the 
means between thoſe arcs, and the 1ſt, 3d, 5th, &c differences. And 
to this treatiſe on interpolation by differences, he adds a marginal 
note, complaining that this 13th chapter of his Arithmetica Logarith. 
mica had been omitted by Vlacq in his edition of it; as if he wer, 


of interpolation by ſucceſſive differences. The note is this: Modu 
correfionis à me traditus eft Arithmetice Logarithmice capite 13, in editions 
Lendinenſi : Mud autem caput und cum ſequenti in editione Batava me in, 
conſulto et inſcio omiſſum fuit : nec in omnibus, edijionts 1Ulius author ( vir 
alioqui induſtrius et non indoGus ), meam mentem videtur afſequutus : Ideoque, 
ne quicquam defit cuiquam, qui integrum canonem conficere cupiat, guedan 
maxime neceſſaria illinc huc transferenda _ 

A large ſpecimen of quinquiſection by differences is then given, 
and he ſhews how it is to be applied to the conſtruction of the whole 
canon of ſines, both for 100th and 1000th parts of degrees; namely, 
for centeſms, divide the quadrant firſt into 72 equal parts, and find 
their fines by the primary methods; then theſe quinquiſected give 
360 parts, a ſecond quinquiſection gives 1800 parts, and a tin 
gives 9000 parts, or centeſms of degrees: but for milleſms, divide the 
quadrant into 144 equal parts; then one quinquiſeCtion gives 720, 1 
ſecond gives 3600, a third 18000, and a fourth gives goooo parts, 0r 
milleſms. | | 

He next proceeds to the natural tangents and ſecants, which he 
directs to be raiſed in the ſame manner, by interpolations from a few 
primary ones, conſtructed from the known proportions between fines, 
tangents, and ſecants; excepting that halt the tangents and ſecanu 
are to be formed by addition and ſubtraction only, by means of ſome 
ſuch theorems as theſe, namely, 1ſt, the ſecant of an arc is equal to 
the ſum of the tangent of the ſame arc, and the tangent of half its 
complement, which will find every other ſecant; 2d, double the tan: 
gent of an arc added to the tangent of half its complement, is equal to 
the tangent of the ſum of that arc and the ſaid half complement, by 
which rule half the tangents will be found; &c. ; 

In the two remaining chapters of this book are treated the co! 
ſtruction of the logarithmic fines, tangents, and ſecants. This is pre- 
ceded by ſome remarks on the origin and invention of them. Out 
author here obſerves that logarithms may be of various kinds; tha 
others had followed the plan of Baron Napier the firſt invent0!, 
among whom Benjamin Urſinus is eſpecially commended, who ap: 
lied Napier's logarithms to every ten ſeconds of the quadrant ; but 
that he himſelf, encouraged by the noble inventor, deviſed _ Jo- 
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garithms that were much eafier and more excellent“: He ſays he 
put 10, with ciphers, for the logarithm of radius; 9g for the logarithm 
fine of 5 44 whoſe natural fine is one 1oth of the radius; 8 for that 
of 34, whoſe natural ſine is one tooth of the radius, and ſo on; 
thereby making 1 the logarithm of the ratio of io to 1, which is the 
charaſteriſtic of his ſpecies of logarithms.  _ | OR 
To conſtruct the logarithmic fines, he direCts firſt to divide the 
quadrant into 72 equal parts as before, and to find the logarithms of 
their natural fines as in the 14th chapter of his Arithmetica Logarith= 
mica z after which this number will be increaſed by quinquiſection, 
firſt to 360, then to 1800, and laſtly to gooo, or centeſms of degrees. 
But if milleſms of degtces be required, divide the quadrant firſt into 
144 equal parts, and then by four quinquiſeCtions theſe will be ex- 
tended to the following parts, 720, 3600, 18000, and goooo, or mil- 
leſms of degrees. He remarks however that the logarithmic ſines of 
only half the quadrant need be found in this manner, as the other 
half may be found by mere addition, or ſubtraction, by means of this 
theorem, as the ſine of half an arc is to half radius, ſo is the ſine of the 
whole arc to the coſine of the ſaid half arc. This theorem he illuſ- 
trates with examples, and then adds a table of the logarithmic fines 
of the primary 72 parts of the quadrant, from which the reſt are to 
be made out by quinquiſectio n. Rs | 
In the next chapter our author ſhews the conſtruction of the natu- 


nal tangents and ſecants more fully than he had done before, de- 


monſtrating and illuſtrating ſeveral curious theorems for the eaf 
finding of them. He then concludes this chapter, and the book, wit 
pointing out the very eaſy conſtruction of the logarithmic tangents 
and ſecants by means of theſe three theorems : 

iſt, As coſine : fine : : radius: tangent, 

24, As tangent : radius : : radius : cotangent, 

3d, As cofine : radius : : radius: ſecant. 

So that in logarithms, the tangents are found by ſubtracting the coſines 
from the fines, adding always 10 or the radius; the cotangents are 
ſound by ſubtracting always the tangents from 20 or double the radius; 
and the ſecants are found by ſubtracting the coſines from 20 the 


double radius. 1 

The 2d book, by Gellibrand, contains the uſe of the canon in 
plane and ſpherical trigonometry. 8 

Beſides Briggs's methods of conſtructing logarithms, above de- 
ſcribed, no others were given about that time. For as to the calcu» 
lations made by Vlacq, his numbers being carried to comparatively 
but few places of figures, they were 8 by the eaſieſt of 
Briggs's methods, and in the manner which this ingenious man had 
pointed out in his two volumes. Thus, the 70 chiliads of logarithms, 


His words are « Ego vero ipſius inventoris primi cohortatione adjutus, alios lo- 
Piithmos applicandos cenſui, qui multo faciliorem uſum habent, praſtantiorem. Lo- 
$2iithmus radii circularis vel Guus totius, a me ponitur 10 &. 
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from 20000 to goooo, computed by Vlacq, and publiſhed in 1624, 
being extended only to 10 places, yield no more than two orders d 
mean differences, which are alſo the correct differences, in quinqui. 
ſection, and therefore will be made out thus, namely, one-fifth of 

them by the mere addition of the conſtant logarithm of 5; and the 

other four-fifths of them by two eaſy additions of very ſmall number 
namely, of the iſt and 2d differences, according to the ditectiom 
given in Briggs's Arith. Log. c. 13, p. 3t- And as to Vlacq's logs 
rithmic fines and tangents to every 10 ſeconds, they were eaſily com. 
puted thus; the fines for half the quadrant were found by taking 
the logarithms to the natural fines in Rheticus's canon ; and then 
from theſe the logarithmic ſines to the other half quadrant were found 
by mere addition and ſubtraction; and from theſe all the tangents 
one fingle ſubtraction. So that all theſe operations might eafily be 
performed by one perſon, as quickly as a printer could ſet up the types; 
and thus the computation and printing might both be carried on to- 
gether. And hence it appears that there is no reafon for admiration 
at the expedition with which thefe tables were ſaid to have been 
brought out. | | 


| 


Of certain Curves related to Logarithme. 


About this time the mathematicians of Europe began to conſider 
ſome curves which have properties analogous to logarithms. Ed- 
mund Gunter, it has been ſaid, firſt gave the idea of a curve, whoſe 

abſciſſes are in arithmetical progreſſion, while the correſponding or- 
dinates are in geometrical progreſſion, or whoſe abſciſſes are the log. 
arithms of their ordinates; but I cannot find it noticed in any part of 
his writings. The ſame curve was afterwards conſidered by others 
and named the Logarithmic or Logiſtic curve by Huygens in his Dt: 
fertatio de Cauſa Gravitatis, where he enumerates all the principa 
properties of this curve, ſhewing its analogy to logarithms, Many 
other learned men have alſo treated of its properties; particularly 
Le Seurand Jacquier in their commentary on Newton's Principia; Dr. 
John Keill in the elegant little tract on logarithms ſubjoined to his 
edition of Euclid's Elements; and Francis Maſetes, Eſq. Curſitot 
Baron of the Exchequer, in his ingenious treatiſe on Trigonometij; 
in which books the doQtrine of logarithms is copiouſly and learnedly 
treated, and their analogy to the logarithmic curye &c fully diſplayed. 
Alt is indeed rather extraordinary that this curve was not ſooner 
announced to the public; ſince it reſults immediately from baron 
| . Napier's manner of conceiving the generation of logarithms, by on 
ſuppoſing the lines which repreſent the natural numbers to be placed 

Dat right angles to that upon which the logarithms are taken. This 

curve greatly facilitates the conception of logarithms to the 'imagy 

| nation, and aftords an almoſt intuitive proof of the very important 

- | property of their fluxions, or very ſmall increments, to wit, that the 
| fluxion of the number js to the fluxion of the logarithm, as the number 


bs to the ſubtangent; as alſo of this property, thaf, if three number 
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be taken very nearly equal, ſo that their ratios to each other may dif. 
er but a little from a ratio of equality, as for example, the three 
numbers 10000000, 16000001, Io000002, their differences will 
de very nearly proportional to the logarithms of the ratios of thoſe 


he numbers to each other: all which follows from the logarithmic arcs 
rs, Wſbeing very little different from their chords, when they are taken very 
mn mall. And the conſtant ſubtangent of this curve is what was after- 
74s ards by Cotes called the Modulus of the ſyſtem of logarithms: and 

. Wince, by the former of the two properties abovementioned, this ſub- 


ingent is a 4th proportional to the fluxion of the number, the fluxion 
of the logarithm, and the number itſelf; this property afforded occaſion 


hich is the ſame in effect as Cotes's, but more clearly expreſſed, 
namely, that it is the limit of the magnitude of a 4th proportional to 
heſe three quantities, to wit, the difference of any two natural 
numbers that are very nearly equal to each other, either of the ſaid 
numbers, and the logarithm or meaſure of the ratio they have to each 
dther. Or we may define the modulus to be the natural number at 
that part of the ſyſtem of logarithms, where the fluxion of the num- 
ber is equal to the ſluxion of the logarithm, or where the numbers 
and logarithms have equal differences. And hence it follows, that 
the logarithms of equal numbers or of equal ratios, in different ſyſtems, 
Ware to one another as the moduli of thoſe ſyſtems. Moreover, the ra- 
tio whoſe meaſure or logarithm is equal to the modulus, and thence by 
Cotes called the ratio madularis, is by calculation found to be the 
ratio of 2*718281828459 &c to 1, or of 1 to 367879441171 &cz 
the calculation of which number may be ſeen at full length in Mr. 
Baron Maſeres's treatiſe on the Principles of Life-annuities, pa. 274 
and 275. y 5 | | 
The Eypetbolic curve alſo afforded another ſource for developing 
and illuſtrating the properties and conſtruction of logarithms. For 
the hyperbolic areas lying between the curve and one aſymptote, 
when they are bounded by ordinates parallel to the other aſymptote, 
are analogous to the logarithms of their abſciſſes or parts of the 
alymptote. And fo alſo are the hyperbolic ſectors; any ſectot 
bounded by an arc of the hyperbola and two radii, being equal td 
the quadrilateral ſpace bounded by the ſame arc, the two ordinates 
to either aſymptote from the extremities of the arc, and the part of 
the aſymptote intercepted between them. And although Napier's 
ogarithms are commonly ſaid to be the ſame as hyperbolic logarithms, 
eis not to be underſtood that hyperbolas exhibit Napier's logarithms 
only, but indeed: all other poſſible ſyſtems of logarithms whatever. 
For, like as the right angled hyperbola, the ſide of whoſe ſquare in- 
(cribed at the vertex is 1, gives Napier's logarithms ; ſo any other 
lyſtem of logarithms is expreſſed by the hyperbola whoſe aſymptotes 
form a certain oblique angle, the ſide of the rhombus inſcribed at the 
vertex of the hyperbola in this caſe alſo being ſtill x, the ſame as the 
kde of the ſquare in the right-angled hyperbola. But the areas of 
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the ſquare and rhombus, and conſequently the logarithms of any ons 
and the ſame number or ratio, will differ according to the fine of thi 
angle of the aſymptotes. And the area of the ſquare or rhombus, 
or any inſcribed parallelogram, is alſo the ſame thing as what way 
by Cotes called the modulus of the ſyſtem of logarithms ; which 
modulus will therefore be exprefled by the numerical meafure of the 
ſine of the angle formed by the aſymptotes, to the radius 1; as that 
is the fame with the number expreſſing the area of the ſaid ſquare or 
rhombus, the fide being 1: which is another definition of the mo- 
dulus to be added to thoſe we before remarked above m treating of 
the logarithmic curve. And the evident reaſon of this is, that in the 
beginning of the generation of thefe areas from the vertex of the hy- 
perbola, the naſcent increment of the abſciffe drawn into the altitude 
1, is to the increment of the area, as radius is to the fine of the angle 
of the ordinate and abſciſſe, or of the aſymptotes; and at the — 
inning of the logarithms, the naſcent increment of the natural num. 
rs is to the increment of the logarithms, as 1 is to the modulus of 
the ſyſtem. Hence we eaſily diſcover that the angle formed by the 
aſymptotes of the hyperbola exhibiting Briggs's ſyſtem of logarithms, 
will be 25 deg. 44 min. 25 ſee. this being the angle whoſe fine is 
©4342944819 &c, the modulus of this ſyſtem. 

Or indeed any one hypetbolaFFas has been remarked by Mr. Baron 
Maſeres, will exprefs all poſſible ſyſtems of logarithms whateyery 
namely, if the ſquare or rhombus inſcribed at the vertex, or, which 
is the ſame thing, any parallelogram inſcribed between the aſymp- 
totes and the curve at any other point, be expounded by the modulus 
of the ſyſtem or, which is the ſame, by expounding the area, inter- 
cepted between two ordinates which are to each other in the ratio of 
10 to 1, by the logarithm of that ratio in the propoſed ſyſtem. , 

As to the firit remarks on the analogy between logarithms and 
the hyperbolic ſpaces; it having been ſhewn by Gregory St. Vincent, 
in his Puadratura Circuli & Seftionum Com, publiſhed at Antwerp in 
1647, that if one aſymptote be divided into parts in geometrical pro- 
greſſion, and from the points of diviſion ordinates be drawn parallel 
to the other aſymptote, they will divide the ſpace between the aſymp- 
tote and curve into equal portions; from hence it was ſhewn by 
Merſennus, that, by taking the continual ſums of thoſe parts, there 
would be obtained areas in arithmetical progreſſion, adapted to 
abſcifles in geometrical progreſhon, and which therefore were ana- 
logous to a ſyſtem of logarithms. And the ſame analogy was re- 
marked and illuſtrated foon aſter by Huygens and many others, 
who ſhew how to ſquare the hyperbolic ſpaces by means of the 
tagarithuns, / 95 4 | | 
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Of * Gregory's Computation of Logarithimt. 


On the other hand, Mr. James Gregory, in his Fera Circuli es 
Hyperbole Duadratura, firſt printed at Patavi, or Padua, in the year 
1667, having approximated to the hyperbolic aſymptotic ſpaces by 
means of a ſeries of inſcribed and circumſcribed polygons, from thence 
ſhews how to compute the logarithms, which are analogous to thoſe 
areas: and thus the quadrature of the hyperbolic ſpaces became the 
ſame thing as the computation of the logarithms, He here alſo lays 
down various methods to abridge the computation, with the aſſiſtance 
of ſome properties of numbers themſelves, by which we are enabled 
to compoſe the logarithms of all prime numbers under 1000, each 
one multiplication, two diviſions, and the extraction of the ſquare 
root. And the ſame ſubject is farther purſued in his Exercitationes 
Geometrice, to be deſcribed hereafter. 

There are alſo innumerable other geometrical figures having pro- 
perties analogous to logarithms ; ſuch as the equiangular ſpiral, the 
figures of the tangents and ſecants, &c z which it is not to our put» 
pole to diſtinguiſh more particularly. 


Of + Mercator Logarithmotechnia. 


In 1668, Nicholas Mercator publiſhed his Lagarithmotechnia, five 
methodus conſtruendi Logarithmos nova, accurata, & facilis ; in which 
he delivers a new and ingenious method for computing the logarithms 
upon principles purely arithmetical; which being curious and very 
accurately performed, I ſhall here give a rather full and particular 
account of that little tract, as well as of the ſmall ſpecimen of the 
quadrature of curves by infinite ſeries, ſubjoined to it; and more eſ- 
pecially as this work gave occaſion to the public cammunication of 
ſome of Sir Iſaac Newton's earlieſt pieces, to evince that he had not 
borrowed them from this publication. So it appears that theſe two 
ingenious men had, independent of each other, in ſome inſtances 
fallen upon the ſame things. 

Our author begins this work with remarking that the word Legare 
ithm is compoſed of the words ratio and number, being as much as to 
I lay the number of ratios z which he obſerves is quite agreeable to the 
nature of them, for that a logarithm is nothing elſe but the number 
of ratiuncule contained in the ratio which any number bears to unity. 
He then makes a very learned and critical diſſertation on the nature 
of ratios, their magnitude and meaſure, conveying a clearer idea of 
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* James Gregory was born at Aberdeen in Scotland 1639, where he was educated. 
He was. profeſſor of Mathematics in the college of St. Andrews; and died of a fever 
in December 1675, being only 36 years of age. 


Nicholas Mercator, a learned mathematician, and an ingenious member of the 


doyal Society, was a native of Holſtein in Germany, but ſpent moſt of his time in 
England, where he died in the year 1690, at about 50 years of age. He was the 
author of many other wonks in Geometry, Geqyrapby, Astronomy, Aſtrology, &c. 
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the nature of logarithms than had been given by either Napier 
Briggs, or any other writer except Kepler, in his work before d. 
ſcribed; although thoſe other writers ſeem indeed to have had in the 
own minds the ſame ideas on the ſubject as Kepler and. Mercator 
but without having _— them ſo clearly. Our author inder] 
pretty cloſely follows Kepler in his modes of thinking and expreſlin ff 
aud after him in plain and N terms calls logarithms the meaſury 

of ratios z and, in order to the right underſtanding that definition q 
them, he explains what he means by the magnitude of a ratio, Thy 
he does pretty fully, but not too fully, conſidering the nicety an 
ſubtlety of the ſubject of ratios, their magnitude, with their addition 
to, and ſubtraction from, each other, which have been miſconceiye 
by very learned mathematicians, who have thence been led into con. 
ſiderable miſtakes. Witneſs the overſight of Gregory St. Vincent, 
which Huygens animadverted upon in the Eg&eTaoi; Cyclometriæ Gr. 
gorii a Sanfto Vincentio, and which aroſe from not underſtanding, a 
not adyerting to, the nature of ratios, and their proportions one 
to another. And many other ſimilar miſtakes might here be ad. 
duced of other eminent writers, From all which we muſt comment 
the propriety of our author's attention, in ſo judiciouſly difcr- 
minating between the magnitude of a ratio, as of a to 6, and the 

WE. | | 

5 
ratio by the other; which latter method of confideration is always at 
tended with danger of errors and confuſion on the ſubject ; though 


fraction Z, or quotient ariſing from the diviſion of one term of the 


in the 5th definition of the 6th book of Euclid this quotient is ac 


counted the 3 of the ratio; but this definition is probably nt 
enuine, and therefore very properly omitted by profeſſor Simſon it 
Fs edition of the Elements. And in thoſe ideas on the ſubject d 
logarithms, Kepler and Mercator have been followed by Halley, 
Cotes, and molt other eminent writers ſince that time. 
Purely from the above idea of logarithms, namely as being the 
meaſures of ratios, and as expreſſing the number of ratiuncule col 


' tained in any ratio, or into which it may be divided, the number «i 


the like equal razzuncule contained in ſome one ratio, as of 10 to 1, 
being ſuppoſed given, our author ſhews haw the logarithm or meaſure 
of any other ratio may be found. But this however only by-the-bye, 
as not being the principal method he intends to teach, as his laſt and 
beſt, and which we arrive not at till near the end of the book, ai 
we thall ſee below. Having ſhewn then, that theſe logarithms, ot 
numbers of ſmall ratios, or meaſures of ratios, may be all properly re- 
protencey by numbers, and that of 1, or the ratio of equality, the 
ogarithm or meaſure being always o, the logarithm of 10, or the 
meaſure of the ratio 10 to 1, is moſt conveniently repreſented by 1 
with any number of ciphers; he then proceeds to ſhew how the 
meaſures of all other ratios may be found from this laſt ſuppoſ- 
tion. And he explains the principles by the, two following e“. 


amples, 
, Full 
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Firft, to find the logarithm of 100'5*, or to find how many rati- 
uncule are contained in the ratio of 100'5 to 1, the number of ratiun- 
cule in the decuple ratio, or ratio of 10 to 1, being 1,9900000. 

The given ratio 1005 to 1, he firſt divides into its parts, namely 
100'5 to 100, 100 to 10, and 10 to 1; the laſt two of which being 
decuples, it follows that the characteriſtic will be 2, and it only re- 
mains to find how many parts of the next decuple belong to the firſt 
ratio of 100'5 to 100. Now if each term of this ratio be multiplied 
by itſelf, the products will be in the duplicate ratio of the firſt terms, 
or this laſt ratio will contain a double number of parts; and if theſe 
be multiplied by the firſt terms again, the ratio. of the laſt products 
will contain three times the * * of parts; and ſo on, the num- 
ber of times of the firſt parts contained in the ratio of any like powers 
of the firſt terms, being always denoted by the exponent of the power. 
If therefore the firſt terms, 100'5 and 100, be continually multiplied 
till the ſame powers of them have to each other a ratio whoſe mea- 
ſure is known, as ſuppoſe the decuple ratio 10 to 1, whoſe meaſure is 
1,0000000 3 then the exponent of that power ſhews what multiple 
this meaſure 1,0000000, of the decuple ratio, is of the required mea- 
ſure of the firſt ratio 100'5 to 100; and conſequently dividing 
1,0000000 by that exponent, the quotient is the meaſure of the ratio 
100'5 to 100 ſought. The operation for finding this, he ſets down 
25 here follows; where the ſeveral multiplications are all performed 
in the contracted way, by inverting the figures of the multiplier, and 
retaining only the firſt number of decimals in each product. 

power 
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* Mercator diftipguiſhes his decimals from integers thus 100 3, or 1995 + 
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Io, +» » * 1| This power being] This being again tog 
SOC I greater than the decuple much, inſtead of the 
"1005000 of the like power of 190, | 16th, draw it into the 
5025 which muſt always be 1 Sth, or next preceding, 
— with ciphers, __ thus 

therefore the 256th 33 
power, and multiply it 2810185 bar 


F 


_— 5 7 6 7 — - 

1010025 not by itſelf, but by the en | 
10100 next before it, viz. by 9 29329 456 
20 the 128th, thus F 
3 F 9916193 - 466 
"2000450 + © + , . . 2 7 oY 
QTIOZD] 57.5. © 4 6043981 - - 128 10015603 5 452 
1020150 6787531 - 384 Which power again 
20403 1106731 - +» ©4|exceeds the limit; there. 
102 93 49130ĩ +» 448 fore draw the 400th into 

1 LS $303711 . © 32 the iſt, thus 
1040706 - - - 8 10956299 — 480 9916193 40⁰ 
See e cons «3 23 


1083058 - - + 16| This power again ex- 9905774 - - 41 
8603%01 - - = I6|ceeding the fame power . 

— 8 PO Since therefore the 
1173035 - - - 32|of 100 more than 10 462d power of 1007; i; 

1 I 2 draw greater, and the 461 
1376011 - = 64 the lame 448th, not in. power is leſs, than the 

f 1106712 64 c the 32d, but the next decuple of the ſame 

| * 128 Preceding, thus | power of 100; I find 
6 8 VVV that the ratio of 100% 
| 3 — — : 6 9342139 = = 448ſto 100 is contained in 
35 * 5 2500 8603501 3 16 the decuple more than 
bi 229973 .:* 58101159944 = 464\461 times, but leſs than 
12852116 » - 612 462 times. Again, 


Since 2 power 9916193 ) and the differences 
the Ht: ; 9995774 49581 nearly 
46 


10015603 J 49829 | cqualz 
therefore the proportional part which the exact power, or 10000000, 
exceeds the next leſs 9965774, will be eaſily and accurately found by 

the Golden Rule, thus: | | ES: 

The juſt power - -* loco 
and the next leſs - < g965774 
the difference - - 34226; then 
As 49829 the dif. between the next leſs and greater, 

: To 34226 the dif. between the next lefs and juſt, 

: : So is 10000: to 6868, the decimal parts; and therefore the 72: 
tio of 100'5 to 100, is 4616868 times contained in the decuple or 
ratio of 10 to 1, Dividing now 1,0000000, the meaſure of the de. 
cuple ratio, by 461-6868, the quotient 00216597 is the meaſure of 
the ratio of 1co'5 to 100; which being added to 2 the meaſure af 

| 100 
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tho to 1, the ſum 2,00216597 is the meaſure of the ratio of 100'5 to 
1, that is the log. of 100˙5 is 2,00216597. | 

In the ſame manner he next inveſtigates the log. of 99*5, and finds” 
it to be 1,9978237: Mes 

A few obſervations are then added, calculated to generalize the 
conſideration of ratios, their magnitude and affections. It is here 
remarked that he conſiders the magnitude of the ratio between two 
quantities as the ſame, whether the antecedent be the greater or the 
leſs of the two terms : ſo the magnitude of the ratio of 8 to 5, is 
the ſame as of 5 to8; that is by the magnitude of the ratio of either 
to the other, is meant the number of ratiunculæ between them, 
which will evidently be the fame whether the greater or leſs term be 
the antecedent. And he farther remarks that of different ratios, 
when we divide the greater term of each ratio by the leſs, that ratio 
is of the greater mats or magnitude which produces the greater quo- 
tient, et vice verſa; although thoſe quotients are not proportional 
to the maſſes or magnitudes of the ratios. But when he conſiders 
the ratio of a greater term to a leſs, or of a leſs to a greater, that is 
to ſay, the ratio of greater or leſs inequality, as abſtracted from the 
magnitude of the ratio, he diſtinguiſhes it by the word affe&on, a 
much as to ſay greater or leſs affection, ſomething in the manner o 
poſitive and negative quantities, or ſuch as are affected with the 
ſigns + and —.;.. . The remainder of this work he delivers in 
ſeveral propoſitions, as follows. | | 

Prop. 1. In ſubtracting from each other two quantities of the 
ſame affection, to wit, both poſitive, or both negative; if the re- 
mainder be of the ſame affection with the two given, then is the quan- 
tity ſubtracted the leſs of the two, or expreſſed by the leſs number; 
pat if the conttaty, it is the greater. | 

Px | "I 1 . a 4a 45 44125 „ 

70. 2. In any continued ratios, as TIP —_— 55 & c, (by 
which is meant the ratios of à to a+6b, a+6b to a＋ 26, a+26 to 
a+36, Ke, ) of equidifferent terms, the antecedent of each ratio 
being equal to the conſequent of the next preceding one, and pro- 
cceding from leſs terms to greater; the meaſute of each ratio will be 


Jexpreſſed by a greater quantity than that of the next following; and 


the ſame through all their orders of differences, namely, the iſt, 2d, 
3d, &c, differences ; but the contrary when the terms of the ratios 

decreaſe from greater to leſs. | 5 
Prop. 3. In any continued ratios of equidifferent terms, if the 
it or leaſt be a, the difference between the iſt and 2d 6, and c, d, e, 
Ke, the reſpective firſt term of their 2d, 3d, 4th, &c, differences: 
"ken ſhall the feveral quantities themſelves be as in the annexed 
N 3 tcheme 3 
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ſcheme; where each term is[1ſt term 


— 42 

compoſed of the firſt term to- [2d 4 + 6 
ether with as many of the dif-[ zd 4 + 2b + & 
133 as it 1s diſtant fromjqth - — a + 2b + 3c + d 
the firſt term, and to thoſe dif-|ſ5th = » a + 4b + 6c + 4d +4 


ferences joining, for coefhci-| &ec. | &C. 
ents, the numbers in the flop- j— — 
ing or oblique lines contained 
in the annexed table of figu- 
rate numbers, in the ſame 
manner, he obſerves, as the 
fame figurate numbers com- 
plete the powers raiſed ſrom a 
binomial root, as had long be- 
fore been taught by others. 
"He alſo remarks that this rule 
not only gives any one term, 
but alſo the ſum of any num- 
ber of ſucceſſive terms from 
the beginning, making the 
2d coefficient the firſt, the 3d 
the 2d, and ſo on; thus, $o | 
ſum of the firſt 5 terms is 54 + 106 + 10c + 5d + 6 
In the 4th prop. it is ſhewn |1{t term — 4 
that if the terms decreaſe, d- a— 3 
proceeding from the greater zd - 4 - 2 ＋ c 
to the leſs, the ſame theorems At- = a—3b+3c= 4 
old good, by only changing zelt - a — 4b + be — 4d +! 
the ſign of every other term, &c. &c. 
as in the margin. | 
Prop. 6 and 7 treat of the approximate multiplication and dirt 
ſion of ratios, or, which is the ſame thing, the finding nearly an) 
powers or any roots of a given fraction, in an eaſy manner. 
theorem for raiſing any power, when reduced to a ſimpler forn, 


4 8 ind 
5 1 7 2 s+ md | 
« + , and d = a & b, the ſum and difference of the two numbers 


is this, the m power of nearly, where £18 = 


and the upper or under ſigns take place according as — is a prope 


or an improper fraction, that is according as a is leſs or great! 


| a . 0. 
than 5. And the theorem for extracting the mth root of _ is / 7 


J 
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*. 3 nearly; which latter rule is alſo the ſame as the fo 
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mer, as will be evident by ſubſtituting — inſtead of m in the fil 
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mM 
Lorem. So that univerſally PE = A nearly. Theſe theo- 


ns nA 
rems however are nearly true only in ſome certain cafes, namely 


when - and — do not differ greatly from unity. And in the 7th 
A 


prep. the author ſhews how to find nearly the error of the theo- 

rems. IT 3 FR # 46 
In the 8th prop. it is ſhewn that the meaſures of ratios of equidif- 

gerent terms, are nearly reciprocally as the arithmetical means be- 


tween the terms of each ratio. So of the ratios =, => — the 
5 
mean between the terms of the firſt ratio is 17, of the 24 34, of the 3d 


51, and the meaſure of the ratios are nearly as = , 3 11 
From this property he proceeds, in the gth prop. to find the mea- 


ſure of any ratio leſs than 55 which has an equal difference (1) 


of terms. In the two examples, mentioned near the beginning, our 


author ſound the logarithm, or meaſure of the ratio, of _ > to be 


100 
100˙ 


21769 fo, and that of 


to be 21659 f; therefore the ſum 43429 


. ” ; 0 O 1 . 
100˙5 100 100'G 105˙5 
is nearer 43430, as ſound by other more accurate computations.— 


- J O0 .* . * 
Now to ſind the logarithm of — having the ſame difference of terms 
I 


(1) with the former; it will be, by prop. 8, as too's (the mean 
between 101 and 100): 100 (the mean between 99˙5 and 1o0's5) 


43430: 43213 the logarithm of — or the difference between 


the logarithms of 100 and 101. But the log. of 100 is 2; therefore 
the logarithm of 101 is 2,0043213. Again, to find the loga- 


rithm of 102, we mult firſt find the logarithm of _ the mean be- 


tween its terms being 101˙5, therefore as 101'5 : 100: : 43430: 


42788 the logarithm of _ or the difference of the logarithms of 


eatet i or and 102. But the logarithm of 101 was found above to be 
a o 8 20043213 therefore the logarithm of 102 is 2,0086001. So that 
7 diriding continually 868396 (the double of 434298 the logarithm of 
9; 199 
= OE ) by each number of the ſerics 201, 203, 205, 207, &c, 
, for 5 201 


then add 2 to the 1ſt quotient, to the ſum add the 2d quotient, and ſo 
fir en, adding always the next quotient to the laſt ſum, the ſeveral 


ums will be the reſpeCtive logarithms of the numbers in this ſeries 
Ion, 102, 1035 104, &. 
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ſcheme; where each term is [1ſt term = 


compoſed of the firſt term to- [2d 
Former with as many of the dit- |3d 


erences as it is diſtant from [4th 
the firſt term, and to thoſe dif-|;th 


ferences joining, for coefhci-| &c. 


a 

a+ b t 
a + 2b + & 

a +3b + 3c + d 
a + 4b + 6c + 4d + 1+ 


& c. 


ents, the numbers in the ſlop-— 
ing or oblique lines contained 1 


in the annexed table of figu- 
rate numbers, in the ſame 
manner, he obſerves, as the 
fame figurate numbers com- 
plete the powers raiſed ſrom a 
binomial root, as had long be- 
fore been taught by others. 
Ile alſo remarks that this rule 
not only gives any one term, 
but alſo the ſum of any num- 
ber of ſucceſſive terms from 
the beginning, making the 
2d cocfhcient the firſt, the 3d 
the 2d, and ſo on; thus, the 


ſum of the firſt 5 terms is 54 + 10b + loc + 5d + 6 


In the 4th prep. it is ſhewn |1{t term — 


that if the terms decreaſe, 2d 
proceeding from the greater 3d 


to the leſs, the ſame theorems !;th 


hold good, by only changing |=th - 


the ſign of every other term, 
as in the margin. 


& c. 


21/56/1220) 
28/84 
36 


a 

a— 5 

a — 23 + c 

8 

a — 46 + 6e— 4d +t 
&c. 


Prop. 6 and 7 treat of the approximate multiplication and dirt 
tion of ratios, or, which is the ſame thing, the finding nearly an 
powers or any roots of a given fraction, in an eaſy manner. The 
theorem for raiſing any power, when reduced to a ſimpler form 


is this, the m power of —, or — 


Lb 3 


« + b, and d g a , the ſum and difference of the two numbers 
and the upper or under ſigns take place according as — is a propel 
or an improper fraction, that is according as à is leſs or greate! 
than. And the theorem for extracting the mth root of 25 is / 7 


1 
44 7 . Fl 
3 5 nis TA 


mer, as will be evident by ſubſtituting — inſtead of m in the fil 


qa An 


rund 


1 nearly; which latter rule is alſo the lame as the for 


nearly, where «15 = i 
0 


a 00 


7 


theorem 
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mM 
Leorem. So that univerſally 8 is = ns Fd nearly. Theſe theo- 


ns Lund 
rems however are nearly true only in ſome certain caſes, namely 


when - and — do not differ greatly from unity. And in the 7th 


þrip. the author ſhews how to find nearly the error of the theo- 
rems. a . 5 x * . 

In the 8th prop. it is ſhewn that the meaſures of ratios of equidif- 
cerent terms, are nearly reciprocally as the arithmetical means be- 


. . 5 . 16 Oo 
tween the terms of each ratio. So of the ratios , 33, Q, the 


1G 35 $% 
mean between the terms of the firſt ratio is 17, of the 24 34, of the 3d 
; N 
51, and the meaſure of the ratios are nearly as 73.7 | 
From this property he proceeds, in the gth prop. to find the mea- 


99'5 


ſure of any ratio leſs than 8 which has an equal difference (1) 
of terms. In the two examples, mentioned near the beginning, our 
author ſound the logarithm, or meaſure of the ratio, of =, to be 


100 
100˙3 


21769 5e, and that of to be 21659 therefore the ſum 43429 


is the logarithm of * or 29}. x 8 or the logarithm of 99'3 
| 100˙5 100 1005 100˙5 


is nearer 43430, as found by other more accurate computations.— 


: 00 1 
Now to ſind the logarithm of N having the ſame difference of terms 
I 


(1) with the former; it will be, by prop. 8, as too's (the mean 
between 101 and 10): 100 (the mean between 995 and 1005) 


: 43430 : 43213 the logarithm of — or the difference between 


che logarithms of 100 and 101. But the log. of 100 is 2; therefore 
the logarithm of 101 is 2,0043213. Again, to find the loga- 


Irichm of 102, we mull firſt find the logarithm of — 5 the mean be- 


tween its terms being 101*5, therefore as 101˙5: 100: : 43430: 
_ 1 * 101 . . 
42788 the logarithm of 102 Or the difference of the logarithms of 
| 2 


or and 102. But the logarithm of 101 was found above to be 
2,0043213z therefore the logarithm of 102 is 2,0086001. So that 
Uviding continually 868396 (the double of 434298 the logarithm of 
99˙5 1 - 

70958 or —) by each number of the ſeries 201, 203, 205, 207, &c, 
chen add 2 to the iſt quotient, to the ſum add the 2d quotient, and ſo 
on, adding always the next quotient to the laſt ſum, the ſeveral 
ſums will be the reſpeCtive logarithms of the numbers in this ſeries 
Ion, 102, 1035 104, & C. 


be 


= 
1 
* 
F: 
+F 
T 
= + 
ST: 
Tos | 
— 11 


yy — 
— . 
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The next, or prop. 10, ſhews that, of two pair of continued ratio: 
whole terms have equal differences, the difference of the meaſures of 


the firſt two ratios, is to the difference of the meafures of the other 


two, as the ſquare of the common term in the two latter, is to tha 
. . 6 , a 
in the former, nearly: Thus, in the four ratios — 


a 
a T a+} 
a+3h a+46 aa + 2ab yr OVER | 
yy Oy? ing the meafure of =" (the difference of the firſ 
two, or the quotient of the two fractions): is ts the meaſure of 
8ab + 1 5bb 8 3 

2 1 :: ſo hh: is to 35 A, nearly. 

a+4b | 

In prop. 11 the author ſhews that ſimilar properties take place 
among two fets of ratios conſiſting cach of 3 or 4 & continued num. 
bers. os 

Prop. 12 ſhews that, of the powers of numbers in arithmetic} 
progreſſion, the orders of differences which become equal, are the 
2d differences in the ſquares, the 3d differences in the cubes, the 4 
differences in the 4th powers, &c. And from hence it is thewn hoy 
to conſtruct all thoſe powers by the continual addition of their dif: 
ferences as had been long before more fully explained by Briggs. 

In the next, or 13th prop. our author explains his compendiouz 


method of raiſing the tables of logarithms, ſhewing how to conſtrud 


the logarithms by addition only, from the properties contained in the 
8th, gth, and 12th propoſitions. For this purpoſe he makes uſe of 


the quantity —, which by diviſion he reſolves into this infinite ſe- 


3 ae aged a 3 p 3 e arch 
ries > + 75 + IT + 7 &c (in inſiu. ). Putting then a 100 the antl- 


. 3 CG * 
metical mcan between the terms of the ratio - — 


„ 6 = To0000 


2nd c ſuccefhvely equal to o's, 1's, 2˙5, &c; that ſo bc may be re 


ſpectively equal to 99999's, 99998 · 5, 9999 7˙5, &c, the correſponding 


a 8 
means between the terms of the ratios 222? ; 9229 . 99997 ; 
100000" 99999 99998. 


is evident that — will be tlie quotient of the 2d term divided by the 


1ſt in the proportions mentioned in the 8th and gth propoſitions; 
and when all of thefe quotients are found, it remains then only to 
multiply them by the conſtant 3d term 43429, or rather 43429'$, 0 
the proportion, to produce the logarithms of the ratios 


9998 7 „ 10000 f . 
2222, 222, 9999. &e, till ==; then adding theſe conti 
1 00000 999909 99998 Ol 


nually to 4 the logarithm of 10000 the leaſt number, or fubtracting 


Kc, it 


them from 5 the logarithm of the higheſt term 100000, chere will 


reſult the Jogarithms of all the abſolute numbers from 10000 te 
1c0009. Now when c = 075, then 


" 
2 
9 
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; = 00000 i O00 000002 A 2 
— — — _—_ * —— = *000000000000000000 1 
f 1901, 7722000000009 jr 000000 & 5» 


, .2 
f Kc; therefore _ 2 7 * -_ + _ &c 1s =="00100000500004 500012 5, 
In like manner, if c = 15, then = will be ="00 10000 150002 2 5003375: 


and if c = 255, then _ will be =*00100002500062 5015625; 
C a 


ic, But inſtead of conſtructing all the values of — in the uſual 
ray of raiſing the powers, he directs them to be found by addi- 


; jon only, as in the laſt propoſition, Having thus | ; | 43429] 
; ound all the values of — the author then ſhews 3 130 4 7 
„t they may be drawn into the conſtant logarithm | 4 173716 
1 3429 by addition only, by the help of the annexed | 5 | 217145) 
„ble of the firſt 9 products of it. 6 | 260574 
2 The author then diſtinguiſhes which of the | 7 304003 

pgarithms it may be proper to find in this way, 8 | 347432 
ad which from their component parts. Of theſe | 9 | 390861 


e logarithms of all even numbers need not be thus computed, 
xeing compoſed from the number 2; which cuts off one half of 
he numbers : neither are thoſe numhers to be computed which 
nd in 5, becauſe 5 is one of their factors; theſe laft are g of the 
zumbers; and the two together {+ make + of the whole: and 
f the other 3, the 4 of them, or £+ of the whole, are compoſed 
f 3; and hence gd or 4 of the numbers, are made up of ſuch 
are compoſed of 2, 3, and 5. As to the other numbers which may 
x compoſed of 7, of 11, &cy he recommends to find zheir logarithms 
n the general way, the ſame as if they were incompoſites, as it is not 
'orth while to ſeparate them in ſo eaſy a mode of calculation. Sq 
hat of the 90 chiliads of numbers from 10000 to 100000, only 24 
hiliads are to be computed. Neither indeed are all of theſe to be 


F2iculated from the foregoing ſerics for — but only a few of 


hem in that way, and the reſt by the proportion in the 8th propo- 
non. Thus having computed the logarithms of 10003 and 10013, 
mitting 10023 as being diviſible by 3, eflimate the logarithms of 
0033 and 10043, which are the zoth numbers from 10003 and 10013; 
nd again omitting 10053, a multiple of 3, find the logarithms of 
2003 and 10073, Then by prop. 8, 
As 10048, the arithmetical mean between 10033 and 10053, 

to 10018, the arithmetical mean between 10003 and 10033, 

lo 13006, the difference between the logarithms of 10003 and 10033, 

to 12967, the difference between the logarithms of 10033 aud 10063; 


1 10048 12967 
kat is, It = = As 3 10078 C: 10018: : 13006; 3 &c. 


10108 


* 


Again, 
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10058 12953 
Again, As 4 10088 FC: 10028: : 12992: 3 &c. 
10118 
10068 112946 
And 3dly, As 3 10098 F: 10038 : : 12979 : 3 &c. 
&c. | 


And with this our author concludes his compendium for conſtruQ. 
ing the tables of logarithms. 

He afterwards ſhews ſome applications and relations of the dot. 
trine of logarithms to geometrical figures: in order to which, in 
frep. 14, he proves algebraically that, in the right- 
angled hyperbola, if from the vertex and from any 
other point there be drawn BI, FH perpendicular to 
the aſymptote Atl, or parallel to the other aſymp- 
tote; then will AH : AI:: BI: FH. And © 

In prop. 15, if AI=BI=Z1, and HI=a; then will 


I Od 
MH. 3 Ta -a Ha &c, in inſinitum, 
4 


by a continued algebraic diviſion, the proceſs of which he deſcribe 
ftep by {ſtep as a thing that was new or uncommon. But that 
method of diviſion had been taught before by Dr. Wallis in his Opu 
Arithmeticum. 

Prop. 16 is this: Any given number being ſuppoſed to be divided 
into innumerable ſmall equal parts, it is required to aſſign the ſun 
vf any powers of the continual ſums of thoſe innumerable. parts 
For which purpoſe he lays down this rule; if the next higher pour 
of the given number, — that power whoſe ſum is ſought, be 
divided by its exponent, the quotient will be the ſum of the power 
fought. That is, if N be the given number, and à one of its inm. 
merable equal parts, then will. 
os 1 " 1 1 Vr 
« T z +30" +4)" Ke.. . . be = 5 : which theorem be 
demonſtrates by a method of induction. And this, it is evident, 
the finding the ſum of any powers. of an infinite number of aritl- 
meticals, of which the greateſt term is a given quantity, and the leal 
indefinitely ſmall. It is alfa remarkable that the above expreſſions 
ſümilar to the rule for finding the fluent to the given fluxion ot 1 
power, as afterwards taught by Sir I. Newton. 

Our author then applies this rule in prop. 17, to the quadrature d 
the hyperbola. Thus, putting Al = 1, conceive the aſymptote 9 
be divided from I into innumerable equal parts, namely Ip =pq=4 
Sa; then, by the 14th and 15th, 
ps =1— a+ a'— a3 & c 
qt = I—24 + 442— 8a & C 
ru =1—Ja+ 94-274 & c 

3-634 142*—36a* &c, that is, equal to the number of term 


* . . P 0 ' 
contained in the line Ir, minus the ſym of thoſe terms, pu 
| ut 


But the area Blru is the fum ps 
+ ru, which 1s = 


10 


8 1 * 
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ſum of the ſquares of the ſame, minus the ſum of their cubes, plus 
the ſum of the 4th powers, &c. Putting now IA=z1, as before, and 
Ip=o'1 the number of terms, to find the area Blps ; by prop. 16 the 


fun of the terms will be > =*005, the ſum of their ſquares= 


2 
000333333, the ſum of their cubes 000025, the ſum of the 4th 
owers = 000002, the..ſum of the 5th powers = :000000166, the 
ſum of the 6th powers ='0000000145-&c. Therefore the area Blps 
is = 1— 005 + 000333333 — 000025 + '000002—*000000166 + 
«000000014 &c = 100335347 — 005025166 = *0953ZIO01I81T & c. 
Again, putting Iq="'21 the number of terms, he finds in like 
manner the area Blqt =*21 — 02205 + 003087 — *000486202 + 
000081682 — 000014294 + *000002572 — *000000472 + 
000000088 &c = *213171345 — *022550984 = 9620361 &c. 
He then adds, hence it appears that, as the ratio of Al to Ap, or 
1 to 1˙1, is half or ſubduplicate of the ratio of AI to Aq, or 1 to 
1:21, ſo the area Blps is here found to be half of the area Blqt. 
Theſe areas he computes to 44 places of figures, and finds them 
ſtill in the ratio of 2 to 1. | 
The foregoing doctrine amounts to this, that if the rectangle BI 
„Ir, which in this caſe is expreſſed by Ir only, be put = A, AL 
being = 1 as before; then the area Blru, or the hyperbolic logarithm 
of 1 + A, or of the ratio of 1 to 1 + A, will be equal to the infinite 
ſeries A— 1 A +443—Z44++ i4* &cz and which therefore may 
be conſidered as Mercator's quadrature of the hyperbola, or his ge- 
neral expreſſion of an hyperbolic logarithm in an infinite ſeries. And 
this method was farther improved by Dr. Wallis in the Philoſ. 
Tranſ. for the year 1668. | 
In prop. 18 our author compares the hyperbolic areo/z with the ra- 
tiuncule of equidifferent numbers, and obſerves that 
the arcola Blps is the meaſure of the ratiuncula of AI to Ap, 
the areola spqt is the meaſure of the ratiuncula of Ap to Ag, 
the areola tqru is the meaſure of the ratiuncula of Aq to Ar, &c. 
Finally, in the 19th prop. he ſhews how the ſums of logarithms 
may be taken after the manner of the ſums of the areclæ. And from 
hence infers as a corollary, how the continual product of any given 
umbers in arithmetical progreſſion may be obtained: for the 
lum of the logarithms is the logarithm of the continual product. 
He then remarks that from the premiſes it appears in what manner 
Merſennus's problem may be reſolved, if not geometrically, at leaſt in 
gures to any number of places. And thus cloſes this ingenious tract. 
In the Philoſ. Tranſ. for 1668 are alſo given ſome farther illuſtra- 
ons of this work by the author himſelf. And in various places alſo 
1 a ſimilar manner are logarithms and hyperbolic areas treated of by 


Lord Brouncker, Dr. Wallis, Sir I. Newton, and many other learn- 
ed perſons. Th 


Of Gregory's Exercitationes Geometric. 


In the ſame year 1668 came out Mr. James Gregory's Exercita- 
"MCs Geometrice, in which are contained 


Q 1, Appen- 


| 
' 
| 
| 
| 
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1, Appendicula ad veram circuli et hyperbolæ quadraturam: 
2, N. Mercatoris quadratura hyperbole geometrice demonſtrat 
3, Analogia inter lineam meridianam planiſphzrii nautici et ta 
gentes aritificiales geometrice demonſtrata z ſeu quod ſecantium: 
turalium additio efhciat tangentes artifictales : 

4, Item, quot tangentium naturalium additio efficiat ſecantes an 
ficiales : 

5, Quadratura conchoidis : 

6, Quadratura cifloidis : & 

7, Methodus facilis et accurata componendi ſecantes et tange 
tes artificiales. 

The firit of theſe pieces, or the Appendicula, contains ſome fy 
ther extenſion and illuſtration of his Fera circuli et hyperbole quadraty 
ra, occaſioned by the animadverſions made on that work by the cel 
brated mathematician and philoſopher Huygens. | 

In the 2d is demonſtrated geometrically the quadrature of the hype 
bola, by which he finds a ſeries ſimilar to Mercator's for the logarithn 
or the hyperbolic ſpace beyond the firſt ordinate (BI, jg. pa. gd, 
In like manner he ſinds another ſeries for the ſpace at an equal diſtang 
within that ordinate. Theſe two ſeries having all their terms alilz 
but all the ſigns of the one plus, and thoſe of the other alternate} 
plus and minus, by adding the two together, every other term is cat 
celled, and the double of the reſt denotes the ſum of both ſpace 
He then applies theſe properties to the logarithms z the conclula 
from all which may be thus brieſly expreſſed : 
fnce 4 — © A + 3 43 — & c = the log. of 1+2g 


1 5 


1. ͤ · 61A U . — Aa . e . . aa 


and A + } £ + + 43 + „ &c = the log. of - — 


therefore 2 4 + 3 43 +} 4*+3 4" &c = the log. of — 


- or of the 


ratio of 1 — A to1 A. Which may be accounted Mr. Jama 
Gregory's method of making logarithms. 

The rewainder of this little volume is chiefly employed abou 
the nautical meridian, and the logarithmic tangents and fecants 
It does not appear by whom, nor by what accident, was difcovertl 
the analogy between a ſcale of logarithmic tangents and Wrightt 
protraction of the nautical meridian line, which conſiſted of th 
ſums of the ſecants. It appears however to have been firſt publiſh 
and introduced into the practice of navigation, by Mr. Henry Bong 
who mentions this property in an edition of Norwood's Epitome d 
Navigation, printed about 1645; and he again treats of it mot 
fully in an edition of Gunter's works printed in 1653, where! 
teaches, from this property, to reſolve all the caſes of Mercato 
failing by the logarithmic tangents, independent of the table d 
meridional parts. This analogy had only been found to be neuf 
true by trials, but not demonſtrated to be a mathematical proper 

WW 


LOGARITHMS, 99 


zuch demonſtration ſeems to have been firſt diſcovered by Mr. Ni- 
cholas Mereator, who, defirous of making the molt advantage of 
this and another concealed invention of his in navigation, by a 
paper in the Philof, Tranſ. for June 4, 1666, invites the public to 
enter into a wager with him on his ability to prove the truth or 
falſehood of the ſuppoſed analogy, 'This mercenary propoſal how- 
ever ſeems not to have been taken up by any one, and Mercator re- 
ſerved his demonſtration. "The propoſal however excited the atten» 
tion of mathematicians to the ſubject itſelf, and a demonſtration was 
not long wanting. The firſt was publiſhed about two years after by 
Gregory, in the tract now under conſideration, and from thence and 
other ſimilar properties here demonſtrated, he ſhews in the laſt ar- 
ticle how the tables of logarithmic tangents and ſecants may eafily 
be computed from the natural tangents and ſecants. The ſybſtance 
of which is as follows : | # N 
Let Al be the arc of a quadrant extended 
in a right line, and let the ſigure AHI be com- 
oſed of the natural rangents of every arc from 
the point A erected perpendicular to Al at their 
reſpective points: let AP, PO, ON, NM, &c, 
be the very ſmall equal parts into which the 
quadrant is divided, namely, each , or 55; of 
a degree; draw PB, OC, ND, ME, &c perpen- 
dicular to AI. Then it is manifeſt from what 
had been demonſtrated, that the figures ABP, 
ACO, &c, are the artificial ſecants of the arcs AP, AO, &c, putting 
o for the artificial radius. It is alſo manifeſt that the rectangles 
BO, CN, DM, &c, will be found from the multiplication of the ſmall 
part AP of the quadrant by each natural tangent. But, he proceeds, 
there is a little more difficulty in meaſuring the figures ABP, BOX, 


2 
cel 


and 
like 
ieh 
cn. 
Aces 
zlio! 


CDV, &c; for if the firſt differences of the tangents be equal, AB, 

BC, CD, &c, will not differ from right lines, and then the figures ABP, 
0 Cx, CDV, &c, will be right-angled triangles, and therefore any one, 

a3 HO, will be= ;QH Xx Q: bur if the ſecond differences be equal, 
bout the (aid figures will be portions of trilineal quadratrices; for example 
a 10G will be a portion of a trilineal quadratrix, whoſe axis is parallel 
ere to OH; and each of the laſt differences being Z, it will be QHG = 
ghti HK -Z Xx; and if the 3d differences be equal, the ſaid 
I agures will be portions of trilineal cubices, and then ſhall QHG be 
a e e x 0G —V 7 QIXZ x G7 —77, 77 x OGF: 
& kom the 4th differences are equal, the ſaid ſigures are portions of 
— trilineal quadrato-quadratrices, and the 4th differences are equal to 
Hes the 4th power of QG divided by the cube of the latus 
I rectum z alſo when the 5th differences are equal, the ſaid figures are 
e bortions of trilineal ſurſolids, and the 5th differences are equal to 120 
aul umes the ſurſolid of QG divided by the 4th power of the latus 


rectum; and ſo in infinitum. What has been here ſaid of the com- 
polition of artificial ſecants from the natural tangents, it is remarked, 
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may in like manner be underſtood of the compoſition of artificial tan. 
gents from the natural ſecants, according to what was before demon. 
ſtrated. It is alſo obſerved that the àrtificial tangents and ſecants ate 
computed, as above, on the ſuppoſition that o is the logarithm of 1, 
and 1000009000000 the radius, and 23025850929940456024017879 
the logarithm of 10; but that they may be more eafily computed, 
namely by addition only, by putting of a degree = QG = AP = 1, 
and the logarithm of 10 = 7915704467897819; for by this means 
zQH x QG 1s = zQH = QHG, and 2H x G- zZ x QG = 
"M1 X37 55 Une, | * bay * | * 
alſo l x M = VFQTKZ NN NN 
H -V QH XZ— or, 2 = QHG: And finally by one 
diviſion only are found the artificial tangents and ſecants to 
1000000000000000 the logarithm of 10, putting ſtill 1 for radius, 
which are the differences of the artificial tangents and ſecants in the 
table from that artificial radius; and to make the operations eaſier in 
multiplying by the number 7915704467897819, or logarithm of 10, 1 
table is ſet down of its products by the firſt ꝙ figures. But if AP or QG 
be = +57 of a degree, the artificial tangents and ſecants will anſwer to 
13192840779829703 as the logarithm of 10, the firſt ꝙ multiples of 
which are alſo placed in the table. But to repreſent the numbers by 
the artificial radius rather than by the logarithm of 10, the author 
directs to add ciphers, &c.—And ſo much for Gregory's Exercita- 
tines Geometrice., 

The ſame analogy between the logarithmic tangents and the 
meridian line, as allo other ſimilar properties, were afterwards more 
elegantly demonſtrated by Dr. Halley in the Philoſ. Tranſ. for Feb, 
1696, and various methods given for computing the ſame, by exa- 
mining the nature of the ſpirals into which the rhumbs are tranſ— 
formed in the ſtereographical projection of the ſphere on the plane 
of the equator : the doctrine of which was rendered ſtill more ealy 
and elegant by the ingenious Mr. Cotes in his Logometria, firlt 
printed in the Philoſ. 'Tranf. for 1714, and afterwards in the collec- 
tion of his works publiſhed in 1732 by his couſin Dr. Robert Smith, 
who ſucceeded him in the Plumian profeſſorſhip of philoſophy in 
the Univerſity of Cambridge. | | | 

The learned Dr. Iſaac Barrow alſo, in his Lectianes Geometrict, 
LeS. XI. Append. firſt publiſhed. in 1672, delivers a ſimilar propert), 
namely, that the ſum of all the ſecants of any arc, is analogous to 
the logarithm of the ratio of r tor -, or radius plus fine to 
radius minus fine z or, which is the ſame thing, that the meridional 
parts anſwering to any degree of latitude, are as the logarithms of the 
ratios of the verſed ſines of the diſtances from the two poles. 

Mr. Gregory's methed for making logarithms was father exem- 
plified in numbers, in a ſmall tract on this ſubject, printed in 1668, 
by one Euclid Speidell, a ſimple and illiterate perſon, and fon of 
John Speidell, before mentioned among the firſt writers on log# 


rithms. | 
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Mr. Gregory alſo invented many other infinite ſeries, and among 
them theſe here following, viz. a being an arc, f its tangent, and s 
the ſecant, to the radius r; then is 


85.1 775 + _ 
a3 207. 17% 024 


TATA 


ö 4 

2r 2473 720 B8o064r? 
And if 7 and e be the artificial or logarithmic tangent and ſecant 
of the ſame arc a, the whole quadrant being q, and e = 24 = gz 
then | 


73 75 6177 27719 
„1 
+ e3 e5 127 27769 
v = — + —, + — + ———, &Co 
67* 247 804,0 72576 
a2 4⁴ a® 17a 624%? 


- == + urn 7 78207 DN 
Alſo if / be the artificial ſecant of 45*, and / + / the artificial ſecant 
of any arc a, the artificial radius being o; then is 5 


The inveſtigation of all which ſeries may be ſeen at pa. 298 et ſeg. 
vol. 1. Dr. Horſley's learned and elegant commentary on Sir I. New- 
ton's works, as they were given in the Commercium Epiſtolicum 


No. xx. without demonſtration, and where the number 2 is alſo 


wanting in the denominator of the firſt term of the ſeries expreſſing 
the value of s, 

Such then were the ways in which Mercator and Gregory ap- 
plied theſe their very ſimple ſeries A — ZA* + A — A“ &c, and 
A + 3A* + 4A3 + A“ &c, for the purpoſe of computing logarithms. 
But they might, as I apprehend, have applied them to this purpoſe 
in a ſhorter and more direct manner, by computing, by their means, 
only a few logarithms of ſmall ratios, in which the terms of the ſeries 
would have decreaſed by the powers of 10 or ſome greater number, 
the numerators of all the terms being unity, and their denominators 
the powers of 10 or ſome greater number, and then employing theſe 
few logarithms, ſo computed, to the finding of the logarithms of other 
and preater ratios, by the eaſy operations of mere addition and ſubtrac- 
non. This might have been done for the logarithms of the ratios of 
the firſt ten numbers, 2, 3, 4, 5, 6, 7, 8, 9, 10, and 11, to 1, in the 
following manner, communicated by Mr. Baron Maſeres. In the 
firſt place the logarithm of the ratio of 10 to , or of 1 to , or of 1 

I I 
+ + 


2 X 100 * 3 X 1000 * 4 & 10000 


to 1 — 7; is equal to the ſeries 5 + 


1 


5 X looo 


& c. In like manner are eaſily found the logarithms of 
| the 


— 
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the ratios of 11 to 10; and then by the ſame ſeries thoſe of 121 U 
120, and of 81 to 80, and of 2401 to 2400; in all which caſes th 
ſeries would converge ſtill faſter than in the two firſt caſes. We ma 
then proceed by mere addition and ſubtraction of logarithms, 2 
follows : 


Log. 3 = L. 18 TL. , L. = L. 1, L. 32=L. 14—L. 45 
3 275 =2L. an, . 42 2L. $9 L. 2. = Ls 12, 

} #54 4222 Ss * + L. LAY By 422 L. L. 2, . 3 I. 1. 
I.. Y2= L. d L. 118,[L. $1=2L. 4. L. 3 =L. -L. . 


Having thus got the logarithm of the ratio of 2 to 1, or, in com. 
mon language, the logarithm of 2, the logarithms of all ſorts of 
even numbers may be derived from thoſe of the odd numbers which 
are their coefficients with 2 or its powers. I would then proceed u 
follows : | 
L. 4 —= 2 L. 25 
L. 1o = L. IL. 4. | 72 
L. 9 = L. 21L. IL. 24 L. 8 ＋ L. 3, L. II L. + L.g 
L. 3 =4L. 9. L. 2 400 L. 100 ＋ L. 24, I. 6=L. 2 + L. z. 
Thus we have got the logarithms of 2, 3, 4, 5, 6, 7, 8, 9, 10, and 11, 
And this is upon the whole, perhaps the beit method of computing 
rithms that can be taken, There have been indeed ſome me- 

thods diſcovered by Dr. Halley, and other mathematicians, for com- 
puting the logarithms of the ratios of prime numbers to the next ad- 
Jacent even numbers, that are ſtill ſhorter than the application of the 
foregoing ſeries, But thoſe methods are leſs ſimple and eaſy to un- 
derftand and apply than theſe ſeries; and the computation of loga- 
rithms by theſe ſeries, when the terms of them decreaſe by the 

wers of 10, or of ſome greater number, is ſo very ſhort and ealy 
(as we have ſeen in the foregoing computations of the logarithms ot 
the ratios of 10 tog, 11 to 10, 81 to 80, 121 to 120, &c,) that it i 
not worth while to ſeek for any ſhorter methods of computing them. 
And this method of computing logarithms is very nearly the ſame 
with that of Sir Iſaac Newton in his ſecond letter to Mr. Oldenburg, 
dated October 1676, as will be ſeen in the following article. 


Of Sir Iſaac Newton's Methods. 


The excellent Sir I. Newton greatly improved the quadrature of 
the hyperbolical-aſymptotic ſpaces by infinite ſeries, derived from the 
general quadrature of curves by his method of fluxions ; or rather 
indeed he invented that method himſelf, and the conſtruction of lo- 
garithms derived from it, in the year 1665 or 1666, before the pub- 
heation of either Mercator's or Gregory's books, as appears by hi 
letter to Mr. Oldenburg dated Oct. 24, 1676, printed in pa, 634 4 
ſeq. vol. 3 of Wallis's worls, and elſewhere. The | : 


L. 24012 L. 2288 TL. 2400 
L. 7 Le 


L. ie L. 10, 
L. 23 L., 


quadrature of the hyperbola, thence tranſlated, is to 
this effect. Let dFD be an hyperbola, whoſe cen- 
tre is C, vertex F, and interpoſed ſquare CAFE x 
= 1. In CA take AB and Ab on each ſide = 45 at 
or o': And, erecting the perpendiculars BD, bd; TORE 
half the ſum of the ſpaces AD and Ad will be C bAB 
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O01 O 00001 O'0OQOOCOT 


O1 + 
3 5 7 
O'OT ©*0001- O'O0000T ©*O0000001 


and the half diff, = _— + 7 + G -+ 8 
Which reduced will ſtand thus, 
2000000000000 0©,0050000000000 The ſum of theſe o. 105 3605 15657 is Ad, 

3333333333 250000000 and the differ, o.o9 53 101798043 is AD, 

20000000 1666666 In like manner putting AB and Ab 
142857 12 500 each = o. z, there is obtained 
1111 100 Ad = o. 22314355 13142, and 
9 1 AD = o. 1823215567939. 


1003353477310 o. 005025 1679267 
Having thus the hyperbolic logarithms of the four decimal num- 
. 
on, bers 0.8, 0.9, I.1, and 1. 2; and ſince —= N 822, and o- and o: are 
leſs than unity; add their logarithms to double the logarithm of 1:2, 
and you will have 0.6931471805597 the hyperbolic logarithm of 2. 
To the triple of this add the logarithm of 0.8, becauſe — = ; 
10, and you have 2.3025850929933 the logarithm of 10. Hence _ N 
by one addition are found the logarithms of 9 and 11: And thus | 
the Jogarithms of all theſe prime numbers, 2, 3, 5, 11 are prepared. 
Moreover, by only depreſſing the numbers, above computed, lower 
in the decimal places, and adding, are obtained the logarithms of 
the decimals 0.98, 0.99, 1.01, 1.02; as alſo of theſe 0.998, 0.999, 
1.001, 1.002. And hence by addition and ſubtraction will ariſe the 
logarithms of the primes 7, 13, 19, 37, &c. All which logarithms ; 
being divided by the above logarithm of 10, give the common loga- <1 
rithms to be inſerted in the table. | 9 
And again a few pages farther on in the ſame letter he reſumes the 
conſtruction of the logarithms, thus: Having found, as above, the 
hyperbolic logarithms of 10, 0.98, 0.99, 1.01, 1.02, which may be 
effected in an hour or two, divide the laſt four logarithms by the lo- 
garithm of 10, and adding the index 2, you will have the tabular lo- 
garithms of 98, 99, 100, 101, 102. Then by interpolating nine 


&c. 


&c. 3 


of means between each of theſe, will be obtained the logarithms of all 
the numbers between 980 and 1020; and again interpolating 9 means 
her between every two numbers from 980 to 1000, the table will be ſo 
lo- far conſtructed. Then from theſe will be collected the logarithms 


of all the primes under 100, together with thoſe of their multiples: 
all which will require only addition and ſubtraction; for 


w 19984 Xx 1020 10 8 99 O01 102 | 
e 


„887 oor ons © as 9849 _ 
| A 1x17 Pi3x13 2x8: 153 7 49 
Me eee 9 Es. * 4 
41 75 in 17x18 19 12 = 632716 = 99 57 17 97. L 
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This quadrature of the hyperbola, and its application to the con. 
ſtruction of logarithms, are till farther explained by our celebrated 
author in his treatiſe on Fluxions, publiſhed by Mr. Colfon in 1736, 
where he gives all the three ſeries for the areas AD, Ad, Bd, in ge. 
neral terms, the former the ſame as that publiſhed by Mercator, and 
the latter by Gregory; and he explains the manner of deriving the 
latter ſeries from the former, namely by uniting together the two 
ſeries for the ſpaces on each ſide of an ordinate, bounded by other 
ordinates at equal diſtances, every 2d term of each ſeries is can. 
celled, and the reſult is a ſeries converging much quicker than either 
of the former. And, in this treatiſe on fluxions, as well as in the 
letter before quoted, he recommends this as the moſt convenient way 
of railing a canon of logarithms, computing by the ſeries the hyper. 
bolic ſpaces anſwering to the prime numbers 2, 3, 5, 7, 11, &c, and 
dividing them by 2.3025850929940457, which is the area corre. 
ſponding to the number 10, or elſe multiplying them by its reciprocal 
0.4342944819032518, for the common logarithms. “ Then the 
logarithms of all the numbers in the canon which are made by the 
multiplication of theſe, are to be found by the addition of their lo. 
garithms, as is uſual. And the void places are to be interpolated 
afterwards by the help of this theorem: Let » be a number to which 
'a logarithm 1s to be adapted, x the difference between that and the 
two neareſt numbers equally diſtant on each fide, whoſe logarithms 
are already found, and let d be half the difference of the logarithms; 
then the required logarithm of the number # will be obtained by add- 


dx 


* 
ing d + — Ee to the logarithm of the leſs number.” This 
21 1225 


theorem he demonſtrates by the hyperbolic areas, and then proceeds 


d 3 PT 
thus; © The two firſt terms d + — of this ſeries I think to be accu- 


rate enough for the conſtruction of a canon of logarithms, even 
though they were to be produced to 14 or 15 figures; provided the 
number whoſe logarithm is to be found be not leſs than 1000. And 
this can give little trouble in the calculation, becauſe x is generally 
an unit, or the number 2. Yet it is not neceſſary to interpolate all 
the places by the help of this rule. For the logarithms of numbers 
which are produced by the multiplication or diviſion of the number 
laſt found, may be obtained by the numbers whoſe logarithms were 
had before, by the addition or ſubtraction of their logarithms. 
Moreover by the differences of the logarithms, and by their 2d and 
3d differences, if there be occaſion, the void places may be more cx 
peditiouſly ſupplied ; the foregoing rule being to be applied only 
when the continuation of ſome full places is wanted, in order to ob- 
tain thoſe differences, &c.” So that Sir I. Newton of himſelf di 
covered all the ſeries for the above quadrature which were found out, 
and afterwards publiſhed, partly by Mercator and partly by Gregot) 
and theſe we may here exhibit in one view all together, and that in 


a general manner for any hyperbola, namely putting CA = a, 1 
= b 
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w = b, and AB = Ab = x; then will BD = 5 and bd = =; 

5 vhence the pup ye 

* Ad = by + Py got my 7155 
w P 


the In the ſame letter alſo, above quoted, to Mr. Oldenburg, our illuſ- 
ay trious author teaches a method of conſtructing the trigonometrical 
er. anon of fines by an eaſier method of multiple angles than that be- 
nd Whore delivered by Briggs for the ſame purpoſe, becauſe that in Sir 
re- Wi:ac's way radius or 1 is the firit term, and double the fine or coſine 
cal erf the firſt given angle is the 2d term of all the proportions by which | 
the the ſeveral ſucceſſive multiple ſines or coſines are found. The ſub- 
the WH ance of the method is thus: The belt foundation for the conſtrucs 
lo- ion of the table of fines, is the continual addition of a given angle to 
ted Wtlelf or to another given angle. As if the angle A be to 


_— — — — — — —172ꝓ7—— ͥ — — 


1 


NY 


de added; inſcribe HI, IK, KL, LM, MN, NO, OP, &c each 
eds qual to the radius AB; and to the oppoſite fides draw the perpen- | 
liculars BE, HQ, IR, KS, LT, MV, NX, OY, &c; fo ſhall the | 
cu-ngle A be the common difference of the angles HIQ, IKH, K1.l, | 
MK, Kc; their fines HO, IR, KS, &c ; and their coſines IQ , 
ven K, LS, &c. Now let any one of them LMK, be given, and the 
the Wc it will be thus found: Draw Ta and Kb perpendicular to SV and 
\nd IV ; then becauſe of the equianguiar triangles ABE, TLa, KMb, 
ally LT, AMV, &c, it will be AB : AE: : KT: $a ( = 5LV + 
al ls) :: LT: Ta (= 4MV + 4KS,) and AB: BE:: LT: La 
ers LS zLV) :: KT (= KM): Mb (=4MV—3KS.) Hence 
ber re given the ſines and coſines KS, MV, LS, LV. And the method 
df continuing the progreſſions is evident. Namely, | 
ms. AR oAR >: LV: MT + MX:: MX: NV + NY &c 
and ** TMV:NX + LT :: NX: OY + MV &c 
ex- r AB: 2B -- LV: NX — LT:: MX: OY — MV &c 
y ** I MV; MT — MX:: NX : NV NY &c 
obs End on the other hand, AB : 2AE : : LS: KT + KR &c. 
di. Therefore put AB = 1, and make BE X LT = La, AE x KT = Sa, 
Wut, R—Ia= LV, 2AE x LV — TM = MX, &c. 
; The ſenſe of theſe general theorems is this, that if P be any one 
| P = among 


8 
0 
— 
— 


fin. 4: fin. 24 : fin. 2d : fla. din. 3d * : fin. 3d i fin. 24+ fin. 4d + : fin. 4d: fin. 34+ fin. g 
col. C: t-+col. 24: : col. 2d: col. 4+col. 34: : col. 34: col. 24 +e0f. 44 : ; col 4d: coſ. 3d4+cel.gl 
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among a ſeries of angles in arithmetical progreſſion, the angle d being 
their common difference, then as radius or 
1 IAA + d + coſ. Pd 

Im £2: > +4. + tbh; Pot 
coſ. P: fin. P + d — fin. P=d 
fin. P: coſ. P + d — coſ. Pd 
where the 4th terms of theſe proportions are the ſums or differencey 
of the fines or coſines of the two angles next leſs and greater than ay 
angle P in the ſeries; and therefore ſubtracting the leſs extreme 
from the ſum, or adding it to the difference, the reſult will be thy 
greater extreme, or next ſine or coline beyond that of the term P, 
And in the ſame manner are all the reſt to be found. This method 
it is evident, is equally applicable whether the common difference! 
or angle A be equal to one term of the ſeries or not: when it is ont 
of the terms, then the whole ſeries of fines and coſines becomes thus 
Tn, WTI THE 


I 


1: 2 ſin. :: 


which is the very method contained in the directions given by M. 
Abr. Sharp for conſtructing the canon of fines. 

Sir I. Newton remarks that it only remains to find the fine and 
coſine of a firſt angle A by tome other method, and for this purpoſe 
he directs us to make uſe of ſome of his own infinite ſeries : thus 
by them will be found 1.57079 &e for the quadrantal arc, the ſquare 
of which is 2 4694 & c; divide this ſquare by the ſquare of the num 
ber exprefling the ratio of go degrees to the angle A, calling the que 

BE ee . 2+ 
tient ; then 3 or 4 terms of this feries 1—— + = =— + Ke. 
2 24 7260 Fü 

will give the coſine of that angle A. Thus we may firſt find u 
angle of ; degrees, and thence the table computed to the ſeries a 
every 5 degrees; then theſe interpolated to degrees or half degres 
by the ſame method, and theſe interpolated again; and fo on as far 
neceſſary. But two-thirds of the table being computed in this mat 
ner, the remaining third will be found by addition or ſubtract 
only, as is well known. 

Various other improvements in logarithms and trigonometry uh 
owing to the ſame excellent perſonage; ſuch as the feries for exprek 
fing the relation between circular arcs and their fines, coſines, verſe 
ſines, tangents, &c; namely, the arc being a, the ſine s, the verſel⸗ 
ſine v, coſine c, tangent t, radius 1, then is 


a = 13 + 59 T 11147 + 1152 0 1 ire K. 

8 = v* + 1.0% + iv + 1712 + 2813 2 Ke. 

a = — of + BHS off + 8 — Ir“! &e⸗ 
a = % TI TZ — zT rösd KC 
2 1 — 14 + 2 %% 195 + JU 8 of — Jared Ke. 
v = 2d — 2 4 + 748 — 481 18 +” z zal — „ gde XC 
f = @ + 3 2 + N if+ 317 6+ 21 11 ol. 15 2874 Ke. 


j } 
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Of Dr. Halley's Method. 


Many other improvements in the conſtruction of logarithms are 
alſo derived from the ſame doctrine of fluxions, as we ſhall thew here- 
after. In the mean time proceed we to the ingenious method of the 
learned Dr. Edmund Halley, Secretary to the Royal Society, and the 
ſecond Aſtronomer Royal, having ſucceeded Mr. Flamſteed in that 
honourable office in the year 1719 at the Royal Obſervatory at 
Greenwich, where he died the 14th of January 1742, in the 85th 
year of his age. His method was firſt printed in the Philofoptical 
Tranſactions for the year 1695, and it is entituled “ A moit com- 
pendious and ſacfle method for conſtructing the logarithms, exempli- 
hed and demonſtrated from the nature of numbers, without any re— 
gard to the hyperbola, with a ſpeedy method for finding the number 
from the given logarithm.” | . 
Inſtead of the more ordinary definition of logarithms, umerorum 
properticnalium equidifferentes comites, in this tract our learned author 
adopts this other, numeri rationum exponentes, as being better adapted 
to the principle on which logarithms are here conſtructed, where 
thoſe quantities are not conſidered as the logarithms of the numbers, 
for example, of 2, or of 3, or of 10, but as the logarithms of the ra- 
tios of 1 to 2, or 1 to 3, or 1 to 10. In this conſideration he firſt 
purſues the idea of Kepler and Mercator, remarking that any ſuch 
ratio 1s proportional to, and is meaſured by, the number of equal 
ratiuncule gontained in each; which ratiunculæ are to be under- 
ſtood as in a continued ſcale of proportionals, infinite in number, be- 
tween the two terms of the ratio; which infinite number of mean 
proportionals is to that infinite numher of the like and equal ratiun- 
eule between any other two terms, as the logarithm of the one ra- 
tio is to the logarithm of the other: thus, if there be ſuppoſed be- 
teen 1 and 10 an infinite ſcale of mean proportionals, whoſe num- 
ber is 100000 &e in inſiuitum; then between 1 and 2 there will be 
39102 &c of ſuch proportionals ; and between 1 and 3 there will be 
47712 &c of them; which numbers therefore are the logarithms of 
tie ratios of 1 to 10, 1 to 2, and 1 to 3. But for the fake of bis 


art g . N tor N 
* mode of conſtructing logarithms, he changes this idea of eu rati- 
oy uncule for that of other ratiuncule, ſo conſtituted as that the ſame 
{ob minite number of them ſhall be contained in the ratio of 1 to every 


other number whatever; and that therefore theſe latter ratiunculæ 
will be of unequal or different magnitudes in all the different ratios, 
and in ſuch ſort that, in any one ratio, the magnitude of each of the 
atiuncule in this latter caſe, will be as the number of them in the for- 


C. 

cc. ner. And therefore if between 1 and any number propoſed, there be 
ec, Ncaken any infinity of mean proportionals, the infinitely ſmall augment 
Kc. WW decrement of the firſt of thoſe means from the firſt term 1, will be a 


ratiuncula of the ratio of 1 to the ſaid number; and as the number 

0 all the ratiunculz in theſe continued proportionals is the ſame, 
Belr ſum or the whole ratio will be directly proportional to the 
1 magnitude 
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magnitude of one of the ſaid ratiunculz in each ratio. But it is alſo 


evident that the firſt of any number of means between 1 and any 
number is always equal to ſuch root of that number whoſe index is ex- 
preſſed by the number of thoſe proportionals from 1; ſo if mn denote 
the number of proportionals from 1, then the firſt term after 1 will 
be the mth root of that number. Hence rhe indefinite root of any 
number being extracted, the d:ferentiola of the ſaid root from unity, 
ſhall be as the logarithm of that number. So if there be required the 
logarithm of the ratio of 1 to 1 ＋ 4; the firſt term after 1 will be 
L 


8 b — 
1 + 4%, and therefore the required logarithm will be as 1 +9” —1, 


inomi is = -» 4 þ 
But, by the binomial theorem, 1 + gi" is = 1 + 5 q + ate 2 


1 1m 1— 2m _ 

'——43 &c; or by omitting the 1 in the compound nu- 

SI ITY &c; or by g in | pound nu- 

merators, as infinitely ſmall in reſpect of the infinite number m, the 
1 1 — 222 


. . | OY 2 22323 
ſame ſeries will become 1 + „ * Ke, 


e IR I 1 I 1 
or by abbreviation it is 1 + ——_——— +. FR 


hence finding the differentiola by ſubtracting 1, the logarithm of 
2 | — 1: 172 1 1 1 
the ratio of i to 1 + 4 will be as —into q— 14 T 34 — 4 + 36) 


— 2% &c. Now the index m may be taken equal to any infinite 
number, and thus all the varieties of ſcales of logarithms may be 
reduced: ſo, if be taken 1000000 &c, the theorem will give 
Napler's logarithms z but if mn be taken equal to 230258 &c, there 
will ariſe Briggs's logarithms. 
This theorem being for the increaſing ratio of 1 to 1 +q; if that 
for the decreating ratio of 1to 1 — q be alſo ſought, it will be ob- 
tained by a proper change of the ſigns, by which the decrement of 
the firſt of the infinite number of proportionals will be found to be 


"I 5 : g 
— into 7 + 19* TA &c, which therefore is as the logarithm 
of the ratio of 1 to I — 9, 

; ? . 2—4 
Hence the terms of any ratio being a and b, 7 becomes IE or the 


difference divided by the leſs term, when it is an increaſing ratio; or 
b—a 5 | 

g = when the ratio is decreaſing, or as b to a. Wherefore the 

logarithm of the ſame ratio may be doubly expreſſed ; for putting 


for the difference 5 — a of the terms, it will be 


I * 12 43 xt 


cither oa into * 22 + 3a3 — 4a &c. 
5 K* a3 47 
or — into 7 277 + 363 + . &. 


But if the ratio of a to be ſuppoſed divided into two parts, namelf 
| in 


a1 =Þy HA os — 84 1 8 
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into the ratio of a to 4a + 3b or 12, and the ratio of 22 to þ, then 
will the ſum of the logarithms of thoſe two ratios be the logarithm 
of the ratio of a to b. Now by ſubſtituting in the foregoing ſeries, 
the logarithms of _ two ratios will 
yo” * X * * 7 
be —= my 7 IT &e, 
BB # i x3 x* 
and = into = 323 yew 
3 5 7 
R = + —_ &c 
mM Z 25 ⁵ 72 
will be the log. of the ratio of a to 6. 


Moreover, if from the logarithm of the ratio of a to 23 be taken 
that of 22 to b, we ſhall have the logarithm of the ratio of ab to 2223 
and the half of this gives that of ,/ab to Iz, or of the geometrical 
mean to the arithmetical mean. And conſequently the logarithm of 
this ratio will be equal to half the difference of that of the above two 


1 and wil nt ee ee 4 Gr St 
ratios, and W1 eretore be — into 2s J Gat 825 C. 


The above ſeries are ſimilar to ſome that were before given by 
Newton and Gregory for the ſame purpoſe, deduced from the conſi- 
deration of the hyperbola. But the rule which is properly our au- 
thor's own, is that which follows, and is derived from the ſeries 
above given for the logarithm of the ſum of two ratios. For the 
ratio of ab to 422 or 44 + jab + 36˙wm,C having the difference of its 
terms Ja* — Lab + 1 or 46 — 0 or r*, which in the caſe of find- 
ing the logarithms of prime numbers is always 1, if we call the ſum 


of the terms 1z* + ab = y*, the logarithm of the ratio of 4/ab to 
4 + 16 or 22 will be found to be 


1 1 1 
— ö + 355 + Get 7 &c. 
And theſe rules our learned author exemplifies by ſome caſes in 

numbers, to ſhew the eaſieſt mode of application in practice. 
Again, by means of the ſame binomial theorem he reſolves with | 
equal facility the reverſe of the problem, namely, from the loga- 


titam given, to find its number or ratio: For as the logarithm 


T 


of the ratio of 1 to 1 + q was proved to be 1 + q|"—1, and that 
of the ratio of 1 to 1 —q to be.. 1-1-4“; hence, 


calling the given logarithm L, in the former 
caſe it will be 1 + gl” = 1+ is 
and in the latter 17 * =1 —Lz 
and thereſore 1 + q ITI“ 


7 and I mg = 488% 3 wh 
0 | I+ 
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that is by the binomial theorem 
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117214 mL +3m? L* + 3m3L3 f Din L' Ke, 

and 1-9 = i —-m,L En L- Im LTA Lt—;ims* L5 &c. 

m being any infinite index whatever, differing according to the ſcale 

of logarithms, being 1000 &e in Napier's or the hyperbolic loga. 
rithms, and 2302585 &c in Briggs's. 

If one term of the ratio, of winch L is the logarithm, be given, 

the other term will be eaßly obtained by the fame rule: For if I, 


be Napier's logarithm of the ratio of à the leſs term to þ the greater, 


then according as a or 9 is given we ſhall have 

b = into 1 + L + ZLI +$L!' + L“ &, 

a = into i- L + 412 — L' + AL &c. 
Whence, by the help of the logarithms contained in the tables, may 
eaſily be found the number to any given logarithm to a great extent, 
For if the ſmall difference between the given logarithm L and the 
neareſt tabular logarithm, either greater or lefs, be called /, and the 
number anſwering to the tabular logarithm a when 1t is leſs than 
the given logarithm, but þ when greater; it will follow that the 
number anſwering to the logarithm L will be either 

a into 1 +/+ 1F +I + {.Þ + 5415 &, 

or b into I -I ＋ 4, — 4B ++ — 14 &C. 
which ſeries converge ſo quick, / being always very ſmall, that the 
firſt two terms 1 + / are generally ſufficient to find the number to 10 
places of figures. 
Dr. Halley ſubjoins alſo an eaſy approximation for theſe ſeries, by 


which it appears that the number anſwering to the log. is nearly 


1447 1— 47 in Napier's ; n+ 11 1 — It in Briggs's 
erf . and Jr fit again 


where 7 is 43429448 1903, &c = . 


Of Mr. Sharps Methods. 


The labours of Mr. Abraham Sharp, of Little-Horton near Brad 
ford in Yorkſhire, in this branch of mathematics, were very great and 
meritorious. is merit however conſiſted rather in the improvement 
and illuſtration of the methods of former writers, than in the inven- 
tion of any new ones of his own. In this way he greatly extended 
and improved Dr. Halley's method above deſcribed, as alſo thoſe of 
Mercator and Wallis; illuſtrating theſe improvements by extenſwe 
calculations, and by them computing table 5 of this book, conſiſting 
of the logarithms of al! numbers to 100, and of all prime numbers to 
1100, cach to bt places. He alſo compoſed a neat compendium 0 
the belt methods for computing the natural fines, tangents, and ſe⸗ 
cants, chielly from the rules before given by Newton: and by New- 
ton's or Gregory's ſcries a Z! —4?* + 415 — 1? &c, for the arc in 
terms of the tangent, he computed the circumference of the circle to 
72 places, namely from the arc of 30 degrees, whoſe tangent ? 1s = 


+ to the radius 1. Other aſtonithing witances of his induſtry an 
| abou 
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labour appear in his Geometry Improv'd, printed in 1717, and ſigned 
A. S. Philomath, from whence the 5th table of logarithms above- 
mentioned was extracted. This ingenious man was ſometime aſſiſt- 
ant at the 1 er to Mr. Flamſteed the firſt Aſtronomer 
Royal; and, being one of the moſt accurate and indefatigable com- 
puters that ever exiſted, he was for many years the common reſource 
for Mr. Flamſteed, Sir Jonas Moore, Dr. Halley, &c, in all intricate 
and troubleſome calculations. He afterwards retited to his native 
place at Little-Horton, where, after a life ſpent in intenſe ſtudy and 
calculations, he died the 18th of July 1742, in the giſt year of his 
Ace | 


Of the Conflrufion of Lagarithms by Fluxions. 


It appears by the very definition and deſcription given by Napier 
of his logarithms, as ſtated in page 42 of this introduction, that the 
fluxion of his, or the hyperbolic logarithm, of any number, is a fourth 
proportional to that number, its logarithm, and unity; or, which is 
the ſame, that it is equal to the fluxion of the number divided by the 
number: For the deſcription ſhews that 21: za or I :: EI the flux- 


jon of z1 : £a, which therefore is = — but xa is alſo equal to the 
fluxion of the logarithm A &c by the deſcription z therefore the flux- 
jon of the logarithm is equal to = the fluxion of the quantity di- 


vided by the quantity itſelf, The ſame thing appears again at art. 2 
of that little piece in the appendix to his Ceonflrufio Logartthmorum, 
entituled Habitudines Logarithinorum & ſuorum naturalium numerorum 
invicem, where he obſerves that, as any greater quantity is to a leſs, 
lo is the velocity of the increment or decrement of the logarithms 
at the place of the leſs quantity, to that at the greater. Now this 
velocity of the increment or decrement of the logarithms being the 
lame thing as their fluxions, that proportion is this x : a :: flux. log. 
a: flux. log. x; hence if a be = 1, as at the beginning of the table 


{ of numbers, where the fluxion of the logs. is the index or characte- 
t nitic c, which is alſo 1 in Napier's or the hyperbolic logarithms, and 
. 43429 &c in Briggs's, the ſame proportion becomes x: 1 :: c : flux. 
f log. x; but the conſtant fluxion of the numbers is alſo 1, and there- 
fore that proportion is alſo this &: *:: c 2 = the fluxion of the 
5 logarithm of ; and in the hyperbolic logarithms, where c is = 1, it 
D : has | 

if becomes — = the fluxion of Napier's or the hyperbolic logarichm of 


*. This ſame property has alſo been noticed by many other authors 

lnce Napier's time. And the ſame or a ſimilar property is evidently - 

true in all the ſyſtems of logarithms whatever, namely, that the mo- 

dulus of the ſyſtem is to any number, as the fluxion of its logarithm 
to the fluxion of the number. 


it | Now 
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Now from this property, by means of the doctrine of fluxiong 
are derived other ways for making logarithms, which have been il; 
luſtrated by many writers on this branch, as Craig, Jo. Bernoulli 
and almoſt all the writers on! fluxions, And this method chiefly 
conſiſts in expandirig the reciprocal of the given quantity in an in. 
finite ſeries, then multiplying each term by the fluxion of the aid 
quantity, and laſtly taking the fluents of the terms; by which ther 
ariſes an infinite ſeries of terms for the logarithm ſought. So, t 
find the logarithm of any number N; put any compound quantity 


for N, as ſuppoſe _ ; 
4 * 
| ; 2 i N . * * Xx a*x xx 4 
then the flux: of the log. or I being or a I = 
| 2 3 
| „. 2 —8#*  # 8 
the fluents give log. of N or log. of 1 de. 


ap | — 3 422 2 a4 
And writing — x for x gives log, — =—=>—=—3——— —, & 
7 „ 


i n+ x ” „e 
o becauſe —— = 1 = —, or log. — O log., 
Alſ = — or log => 6 log _ 
” E #5 

8 n+x 3 * 42 9 


d log —=+* ++ + = & 
— . #25. $00 I 
And by adding and ſubtracting any of theſe ſeries, to or from one 
another, and multiplying or dividing their correſponding numbers, 
various other ſeries for logarithms may be found, converging much 
quicker than theſe do. 


In like manner by aſſuming quantities otherwiſe compounded for 
the value of N, various other forms of logarithmic ſeries may be 
found by the fame means. 


Of Mr. Cotes Logometria. 


Mr. Roger Cotes was elected the firſt Plumian profeſſor of aſtro- 
nomy and experimental philoſophy in the univerſity of Cambridge, 
January 1706, which appointment he filled with the greateſt credit, 
till he died the 5th of June 1716, in the prime of lite, having not 


quite completed the 34th year of his age. His early death was 2 


great Joſs to the mathematical world, as his genius and abilities were 
of the brighteſt order, as is manifeit by the ſpecimens of his per- 
formance given to the public. Among theſe are his Logometria, firſt 
printed in number 338 of the Philoſophical Tranſactions, and after- 
wards in his Harmonia Menſurarum publiſhed in 1722 with his other 
works, by his relation and ſucceſſor, in the Plumian profefſorſh1p, 
Dr. Robert Smith. In this piece he ſirſt treats in a general way of 

meaſures 


w4 . 
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meaſures of ratios, which meaſures he obſerves are quantities of any 
kind whoſe magnitudes are analogous to the magnitudes of the ra- 
tios, theſe magnitudes mutually increaſing and decreaſing together in 
the ſame proportion. He remarks that the ratio of equality has no 
magnitude, becauſe it produces no change by adding and ſubtract- 
ing; that the ratios of greater and leſs inequality, are of different 
affections z and therefore if the meaſure of the one of theſe be con- 
fidered as poſitive, that of the other will be negative; and the mea- 
{ure of the ratio of equality nothing: That there are endleſs ſyſtems 
of theſe, which have all their meaſures of the ſame ratios propor- 
tional to certain given quantities, called neduli, which he defines 
afterwards, and the ratio of which they are the meaſures, each in its 
peculiar ſyſtem, is called the modular ratio, ratio modularis, which ra- 
tio is the ſame in all ſyſtems. He then adverts to logarithms, which 
he conſiders as the numerical meaſures of ratios, and he deſcribes the 
method of arranging them in tables, with the uſe of them in multi- 
plication and diviſion, raiſing of powers and extracting of roots, b 
means of the correſponding operations of addition and ſubtraction, 
multiplication and diviſion. 

After this introduction, which is only a flight abridgment of the 
doctrine long before very amply treated of by others, and particu- 
larly by Kepler and Mercator, we arrive at the fir{t propoſition, 
which has juſtly been cenſured as obſcure and imperfect, ſcemingly 
through an affectation of brevity, intricacy, and originality without 
ſufficient room for a diſplay of this qualification. The reaſoning in 
this propoſition, ſuch as it 1s, ſeems to be ſomething between that of 
Kepler and the principles of fluxions, to which the quantities and 
expreſſions are nearly allied. However, as it is my duty rather to 
| narrate than explain, I ſhall here exhibit it exactly as it ſtands. This 
propoſition is to determine the meaſure of any ratio, as for 11ſtance 
that of AC to AB, and which is effected in this manner: Conceive 
" difference BC to be divided & ws F 1 
ito innumerable very ſmall par- * 
ticles as PO, and the ratio between AC and AB into as many ſuch 
very ſmall ratios, as between AQ and AP: then if the magnitude of 
the ratio between AQ and AP be given, by dividing there will alſo 
be given that of PQ to AP; and therefore, this being given, the 
magnitude of the ratio between AQ and AP may be expounded by 


the given quantity — ; for, AP remaining conſtant, conceive the 


particle PQ to be augmented or diminiſhed in any proportion, and 


2 

I «rg 1 proportion Will the magnitude of the ratio between AQ YZ. P 
1 e augmented or diminthed*; Alſo, taking any determinate 4, ms) 

: PQ | <W 
; quantity M, the ſame may be expounded by M * 2 and there- 3 2 N. 
: 


| > + WIRE ; 
tore the quantity M X — will be the meaſure of the ratio between 
| AP 


ff A and AP. And this meaſure will haye divers magnitudes, and 


| 2 be 


o 
414 
- 17 
4 
Ame 
4 * 4 
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be accommodated to divers ſyſtems, according to the divers magni. 
tudes of the aſſumed quantity M, which therefore is called the mzduly 
of the ſyſtem. Now like as the ſum of all the ratios AQ to AP i; 
equal i the propoſed ratio AC to AB, ſo the ſum of all the meaſure, 


M x = — — (found by the known methods) will be equal to the required 


| 

| . of the ſaid propoſed ratio. 

The general ſolution being thus diſpatched, from the general er. 
reſſion, he next deduces other forms of the meaſure in ſeveral co. 

rollaries and ſcholia: as iſt, The terms AP, AQ, approach the 
e. ay — ” the ſmall difference PQ is leſs 3 ſo that either 


* — 


} M x — Tor M x = — D vil be the meaſure of the ratio between 40 


and AP 1 to the = M. 2d, That hence the modulus M is to the 
meaſure of the ratio between AQ and AP, as either AP or AQ is tq 
their difference PQ. 3d, The ratio between AC and AB being 


f given, the ſum of all the —= will be given; and the ſum of all the 
| 


PQ. : 8 
MX is as M: thereſore the meafure of any given ratio is as the 


every ſyſtem of meaſures, the modulus will always be equal to the 
9 meaſure of a certain determinate and immutable ratio; uh there 
fore he calls the modular ratio s th, To illuſtrate the ſolution by an 
example: let z be any determinate and permanent quantity, x a u. 
riable or indeterminate quantity, and x its fluxion; then to find the 
meaſure of the ratio between z + x and z — x, put this ratio equal 
to the ratio between y and 1, expounding the number y by AP, its 
; fAuxion y by PQ and 1 by AB: then the _ of the required 


meaſure of the ratio between y and 1 is * * 7. Now for y reſtore ity 


1 of the ſyſtem from which it is taken. 4th, Therefore, in 


val. —. 5 and for j 3 the flux, of that val. =, ſo ſhall the flux. of 


*  xx+ 
the meaſure become 2M x == or 2 M imto® + = + a &c, 


x XX 2 2 


And therefore that meaſure will he - 2 M into 94 = 48 ke. 


53* 
In like manner the meakurs of the ratio between þ ES. v _ I 
will be found to be - M into v ot + 4 3 V3 — 1 Kc, 


And hence, to find the number from the logarithm given, he reverts 
the ſeries in this manner: If the laſt meaſure be called m, we 


{hall have — or Q = - z + $v3 = E4* Kc, 


and therefore Q*= , . v — vi 4243 5 5 &c, 
and 1 . v3 w— 3 4 4 2 v. &c, 
and Ig . . 1 UF me 20 & c. 
and & e 0.4 6:8 Th &Cz 
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en by adding continually we ſhall have ms” 

Q+ EE =v—tv) + f v. de, 
Q+iQ+7Q =v—qAv* + v5 Kc, 
Q +iQ*+53Q3 + Q*=v —x3; v3 &c, 
| A 2 Q* + S Q +:57Q*+55; 2 Kc, | | 
hat is v=Q++Q*+ LTA Qi &. And therefore 
e required ratio of 1 + to 1 is equal to the ratio of x + Q + 
LQ* &c to 1: Put now m = M, or Q = 1, and the above will be- 
ome the ratio of 1 + + +3; + Tr + 7538 &c to 1 for the con- 
ant modular ratio. In like manner, if the ratio between 1 and 
u be propoſed, the meaſure of this ratio will come gut M into 


T Turi TT TAT &cz which being called , arid — = Q, 


hat ratio will be the ratio of 1 to 1 = t Q?—;Q3 O &c. 
and hence, _— m == M, or Q = us 20 . 9 © ED” will 
lo be the ratio of 1to 1 —4 ++ — + + 4; — 44; &: And the 
ormer of theſe expreſſions for the modular ratio comes out the 
atio of 2,718281828459 &c to 1, and the latter the ratio of 1 to 
„367879441171 &c. | 
In the 2d prop. our learned author gives directions for conſtruct- 
ng Briggs's canon of logarithms, namely, firſt by the general ſeries 
3 5 

2M into — * — + 5 Kc, finding the logarithms of a few ſuch 
atios as that of 126 to 125, 225 to 224, 2401 to 2400, 4375 to 
1374, &c, from whence the logarithm of 10 will be found to be 
2302585092994 &c, when M is 1; but fince Briggs's log. of 10 is 
I, therefore as 2,302585 &e is to the modulus 1, ſo is 1 (Briggs's log. 
if 10) to 0,434294481903 &c, which therefore is the modulus of 
priges's logarithms. Hence he deduces the logarithms of 7, 5, 3g 
and 2, In like manner are the logarithms of other prime numbers to 
de found, and from them the logarithms of compoſite numbers by 
addition and ſubtraction only. | 

He then remarks that the Art term of the general ſeries 2M into 


* f ä 
T — + 2 &c, will be ſufficient for the logarithms of interme- 


ate numbers between thoſe in the table, or even for numbers be- 
yond the limits of the table. Thus, to find the logarithm anſwering 
to any intermediate number; let a and e be two numbers, the one 
We given number, and the other the neareſt tabular number, a being 
the greater and e the leſs of them; puts = a +e their ſum, x = 
Ie their difference, a = the logarithm of the ratio of à to e, 
that is the exceſs of the logarithm of a above that of : ſo ſhall the 


*% = —_— 2” 


ad difference of their logarithms be a = 2M X .. very nearly.— 
9 


and, if there be required the number anſwering to any given inter- 
mate logarithm, becauſe a is = 


2My 2Mx 
"Thi 2 Mæ Aa Ae | 

— —— — — — — —— — — \ 0 
F 7 theref. x = 8 or FAT very nearly 
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In the 3d prop. our ingenious author teaches how to convert the 
canon of logarithms to logarithms of any other ſyſtem, by means of 
their moduli, And in ſeveral more propoſitions he exemplifies the 
canon of logarithms in the ſolution of various important problem; 
in geometry and phyſics; ſuch as the quadrature of the hyperbola, 
the deſcription of the logiſtica, the equi-angular ſpiral, the nauti. 
cal meridian, &c ; the deſcent of bodies in reſiſting mediums, the 
denſity of the atmoſphere at any altitude, &c, &c. 


_ — po 


Of Dogter Taylor's Conflruftion of Logarithms. 


Dr. Brook Taylor, (a very learned mathematician, and ſecretary to 
1 the Royal Society, who died at Somerſet-houſe, Nov. 1731) gave 
| the following method of conſtructing logarithms in number 352 of 
the Philoſophical Tranſactions. His method is founded on theſe 
1 three conſiderations : 1ſt, that the ſum of the logarithms of any two 
| numbers is the logarithm of the product of thoſe numbers; 2d, that 
the logarithm of 1 is nothing, and conſequently that the nearer an 
number is to 1, the nearer will its logarithm be to o; 3d, that the 

roduct of two numbers or factors, of which the one is greater and 
the other leſs than 1, is nearer to 1 than that factor is which is on 
the ſame fide of 1 with itielf; ſo of the two numbers + and 4, the 

roduct = is leſs than 1, but yet nearer to it than Z is, which is alſo 
leſs than 1. On theſe principles he founds the preſent approxims- 
tion, which he explains by the following example. To find the 
relation between the logarithms of 2 and 10: In order to this he 


mn a or. HY Re. 3 2 


— 


: 128 8 27 23 
aſſumes two fractions as — and , or — and , whoſe nume- Y 
100 3 10 R 


rators are powers of 2, and their denominators powers of 10, the one 
fraction being greater and the other leſs than unity or 1. Hon 
Het theſe two down, in the form of decimal fractions, below eac 
other in the firſt column of the following table, and in the ſecond 
column A and B for their logarithms, expreſſing by an equation how 


| 


———— — —— —— — — — — — 


1, 25000000000c} J 72 — 2/10|/2 >> 0,28 | 
6, 0000000060013} = oo = 312 — tio] Zo, 33 
1,02409020000c|C == A + 2 10/2 — 3/10| — 0,300 P 
0,0003 52031429 D =B + g9C = 03/2 — 28/10] 20,3007 h 
1,024 ,;36277664]E CT 2D= 169/2— 59110 -— 0,301020 
0.999959536107jF =D+ 2E == 48512 146/10] 20, 3010309 10 
1, 00 162894165 BET 4F = 2213612 — 643/:0] s, 3010299 n 
„% 036281874 i =F + 6G= 1330112 — 4004/10] 20, 301029997 / 
1,0:C0354412i5}1 =G+ 2H= 28738/2- 865 1110] > , 301029995ʃ Ie 
10,5999971720530[K = Ht + 42039142 — 12655110] 2, zo 10299959 


1,000007 10104( L. ZIT KE 70777i/2= -213006/1c > ©, 3010299950? 


0,999993203514]M=K + 3L = 254370/2—-. 565730 < 0,301029995 | 
| t,Co0000304511}]N=L + M= 3251475{/2= 9787910 > 0,3010299950 J 
2,949999979408; JO =M + 18N =£107016/2 —1838335/10 20, 301029995000 
comp. ar. 235313 ud 
o 3645117 O + 235313 N = 2302585825187 /2 — 69314740cg72 /10l > o, 301029995 5 
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they are compoſed of the logarithms of 2 and 10, the numbers in 
queſtion, thoſe logarithms being denoted thus, /2 and 110. Then 
multiplying the two numbers in the firſt column together, there is 
produced a third number 11924; againſt which is written C, for its 
logarithm, expreſſing likewiſe by an equation in what manner C is 
formed of the foregoing: logarithms A and B. And in the ſame man- 
ner the calculation is continued throughout; only obſerving this 
compendium, that before multiplying the two laſt numbers — 
entered in the table, to conſider what power of one of them mu 
be uſed to bring the product the neareſt that can be to unity. Now, 
after having continued the table a little way, this is found by onl 
dividing the differences of the numbers from unity one by the other, 
and taking the neareſt quotient for the index of the power ſought. 
Thus, the ſecond and third numbers in the table being 0,8 and 1,024, 
their differences from unity arc 0,200 and 0,024; hence 0,200 — 
0,024 gives 9 for the index; and therefore multiplying the gth power 
of 1,024 by 0,8 produces the next number 0,990352031429, whoſe 
logarithm is D = B + 9 C. oi 

When the calculation is continued in this manner till the num- 
bers become ſmall enough, or near enough to 1, the laſt logarithm 
is ſuppoſed equal to nothing, which gives an equation expreſſing 
the relation of the logarithms, and from whence the required loga- 
rithm is determined. Thus, ſuppoſing G = o, we have 
213612 — 643110 S o, and hence, becauſe the logarithm of 10 is 
1, we obtain /2 = ue, = o, 30 102996, too ſmall in che laſt figure; 
which ſo happens becauſe the number correſponding to G is greater 
than 1. And in this manner are all the numbers in the third or 
alt column obtained, which are continual approximations to the lo- 
garithms of 2. | | 


There is another expedient which renders this calculation till 
ſhorter, and it is founded on this conſideration; that when x is ſmall, 


— eee ow 


I+x/ is nearly = 1 + nx. Hence if 1 + x and 1 — be the two 
laſt numbers already found in the firſt column of the table, the 


product of their powers 14 x] X i' will be nearly = 1 and 
hence the relation of m and 7 may be thus found, 1 + x" x 1 _— 


is nearly = IE X I- = 1+ mx— u ,d = 1+ mx — 12 
nearly, which being alſo = 1 nearly, therefore m: n:: z: & :: 


1-2: J. IT; whence x I. 1—z+2zl.1+x = o. For example, 
let 1,024 and o, 990352 be the laſt numbers in the table, their lo- 
barithms being C and D: here we have 1,024 = 1 + x, and 
5990352 = -; conſequently x = 0,024, and z = 0,009648 , 


TE | + EE | . 
and hence the ratio = in ſmall numbers is — 5 So that for finding 


he logari 1 : 
the logarithms propoſed, we may take 500 D + 201 C 4851012 
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— 14603 I/ 10 o; which gives 12 o, 3010307. And in this man- 
ner are found the numbers in the laſt line of the table. 


Of Mr. Long's Metßbad. 


In number 339 of the Philoſophical Tranſactions, are given 1 
brief table and method for finding the logarithm to any number, and 
the number to any logarithm, by Mr. John Long, B. D.' Fellow of 
C. C. C. Oxon: This table and method are ſimilar to thoſe deſcribed 
in chap. 14, of Briggs's Arith. Logar. differing only in this, that in 
this table by Mr. Long, the logarithms, in each claſs, are in arith- 
metical progreſſion, the common difference being 1; but in Briggs 
little table the column of natural numbers has the like common dif. ; 
ference. The table conſiſts of eight claſſes of logarithms and their 


correſponding numbers as follow : 


8 


„„ „„ o a ö e e e on po vel 


Lo. Nat. Numb. Log. Nat. Numb. Log. | Nat. Numb. Log. | Nat. Nu 
»9 7, 943282347 | ,009 1, 20939484, 00009 1, 002072 $54] ,>0000009 1, o 
8 6,309 73445] 8 1,01859138 8 1, 00184224 8 [1,000001 
5011872330 7 , 016248694] 7 , 000161194 7 |1,000001hi 
3981071706} 6 , 013911386 6 1, 00138165 6 [1,0000010 
3,102277660|| 5 [1,011579454 5 , 00115136 5 |1,0000011y 
25118864320 4 f, 09252886 4 1, oo0092 106 4 |1,0000001 | 
1,995262315|| 3 100693 1669 3 1, 00069080 3 1, ooooo⁰⁰ 
1, 5848931930 2 100465794 2 [1,000040053 2 |1,000000j 
1,258925412}| 1 , 023052 38 1 [1,00002 3026 1 |1,000000} ; 
1,2302687 71|\,0009/1,0020744 75|,000004/ 1,0000207 24] ,00000009/ r,ocoooo i 
80, 202264435 81, 001843766 81, oo00 184210 8}1,00000016 : 
711, 174897555 7/1,001613109 71, 00016118 7|1,00000010 
6.1,148153021 6.1, 01382 50⁰ 61, 000138 16 61, ooc oo f 
51, 1220184544 5,0115 1956 5 1, 00011513 5] 1,000000188 
4%, 00478 196 4/1,000921459/ 4|1,c000©9? 10 4| 1 ,000000% | 
3j19971519305 3, 00069 1015 3 1, 000006908 3, oog a 
2 1,047128548 2 1,000450623 2 1, 000004605 2| 1 ,0000000 a 
L. 201,023292992 111, 002 30285 1, ooo 502 It, ooo 


where, becauſe the logarithms in each claſs are the continual mul- 

tiples 1, 2, 3, &c; of 1. loweſt, it is evident that the natural num- 
bers are ſo many ſcales of geometrical proportionals, the loweſt be- 
ing the common ratio, or the aſcending numbers are the 1, 2, 3, & 
powers of the loweſt, as expreſſed by the figures 1, 2, 3, &c of ther 

. correſponding logarithms. Alſo the laſt number in the firſt, ſecond, 
third, & claſs, is the 1oth, 1ooth, 1oooth, &c root of 10; and any 
number in any claſs is the 10th power of the correſponding number 
in the next following claſs. 


To find the logarithm of any number, as ſuppoſe of 2000, bf 
this table 5 Look in the firſt claſs for the number next leſs than the 
firſt figure 2, and it is 1,995 262315, againſt which is 3 for the 
firſt figure of the logarithm ſought. Again, dividing 2 the number 

propoſed 
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propoſed by 1, 995262315 the number found in the table, the quo- 
tient is 1,002374467 z which being looked for in the ſecond claſs » 
of the table, and finding neither its equal nor a leſs, o is therefore 
to be taken for the ſecond figure of the logarithm; and the ſame 
quotient 1,002374467 being looked for in the third claſs, the next 
leſs is there found to be 1,002305 238, againſt which is 1 for the third 
figure of the logarithm ; and dividing the quotient 1,002374467 by the 
{aid next leſs number 1,002305 238, the new quotient is 1,000069070 z 
which being ſought in the fourth claſs gives o, but ſought in the 
fifth claſs gives 2, which are the fourth and fifth figures of the lo- 
garithm ought : again, dividing the laſt quotient by 1,00004605 3 
the next leſs number in the table, the quotient is 1,000023015, 
which gives 9 in the 6th claſs for the 6th figure of the logarithm 
ſought: and again dividing the laſt quotient by 1,000020724 the 
next leſs number, the quotient is 1,000002291, the next leſs than 
which in the 7th claſs gives 9 for the 7th figure of the logarithm : 
and dividing the laſt quotient by 1,000002072, the quotient is 
1,000000219, which gives 9 in the 8th claſs for the 8th figure of 
the logarithm : and agam the Jaſt quotient 1,000000219 being di- 
vided by 1,000000207 the next leſs, the quotient 1,000000012 gives 
5 in the ſame 8th claſs, when one figure is cut off, for the gth figure 
of the logarithm ſought. All which figures collected together give 
3,391029995 for Priggs's logarithm of 2000, the index 3 being Nw. 
pled ; which logarithm is true in the laſt figure. LIEN 
To find the number anſwering to any given loga- 3,9952623 5 
rithm, as ſuppoſe to 3,3010300 : omitting the cha- e 
raQeriſtic, againſt the other figures 3,0,1,0,3,0,0, as | 292239523 


| in the firſt column in the margin, are the ſeveral * 
/ numbers as in the 2d column, found from their re- 3 ene 
11 ſpective 1ſt, 2d, 3d, &c claſſes; the effective num- |,|, 


bers of which multiplied continually together, the — 15 

laſt product is 2, 60000 19966, which, becauſe the characteriſtic 
Is 3, gives 2000, ooo 19966 or 2000 only for the required number 
anſwering to the given logarithm. 


Of Mr. Fones's Method. 


In the 61ſt volume of the Philoſophical Tranſactions, is a ſmall 
paper on logarithms, which had. been drawn up and left unpubliſhed, 5 
by the learned and ingenious William Jones, Eſq. The method con- 
tained in this memoir, depends on an application of the doctrine of 
luxions, to ſome properties drawn from the nature of the exponents 
of powers. Here all numbers are conſidered as ſome certain powers 
vt a conſtant determinate root: ſo any number x may be conſidered 


as the z power of any root v, or that x r is a general expreſhon 
Jof all numbers in terms of the conſtant root r and a variable expo- 
* z. Now the index z being the logarithm of the number x, there- 
ore to find this logarithm, is the ſame thing as to find what power of 

ne radical r is equal to the number , ; 
From 
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From this principle, the relation between the fluxions of any 
number x and its logarithm 2 is thus determined: Put r = 142 


then is x =r* = 1 + AE, and x + x = IT. Ks 5 14 8 
1+" = x Xx 1 +n*® = (by expanding 1 + , omitting the 2d, 


7¹ . 
TDT XK f 


3d, & c powers of x, and writing 3 for 
Ti, ite; | 
therefore & = axz, putting a for the ſeries q + + q* + 3 9* Ke, 
or fx = xx, putting f = — 
Now when -= 1 + 1 = io, as in the common logarithms of 
Briggs's form; then » = 9, q = ,9, and the ſeries q + 17 +*p 
&c, gives a == 2,302585 &c, and therefore its reciprocal f = 


„434294 &c. But if a =1 = , the form will be that of Napier's lo. 
garithms. 


i : WR 
From the above form xz = , or z , are then deduced many 


curious and general properties of logarithms, with the ſeveral ſeries 
heretofore given by Gregory, Mercator, Wallis, Newton, and 
Halley. But of all theſe ſeries, that one which our author ſelectz 
for conſtructing the logarithms, is this; putting N = 7 : 
logarithm of 2 is =2fX:N+3M+iM+57 N &c inthe 


the 


caſe in which r—p is = 1, and conſequently then N = — 


I 
zþ +1 | 
Hence, having given any numbers, p, 3, , &c, and as man 
ratios a, ö, c, &c, compoſed of them, the difference between the 
two terms of each ratio being 1; as alſo the logarithms A, B, C. & 
of thoſe ratios given: to find the logarithms P, A, R, &c of thoſe 
numbers; ſuppoſing f= 1. For inſtance, if p = 2, q = 3, 155 

2 4 2 
=, W * 4 25 = — Now the logarithms 
„ 4 24 
A, B, C, of theſe ratios a, ö, c, being found by the above ſeries, from 
the nature of powers we have theſe three equations, 


A=Z22—3P \ } which . P=3A+4B-+2C= log. of 2 


; which ſeries will then converge very faſt, 


„ 
and a = 5 = 


B=4P— A RF tions re- ©, 9=5A4+6B +3C= log. of þ 
C=2R— 3) duced give JX ANB SC log. of z. 
And hence PR = 104 +13B + 7C is = the logarithm of 2X 
or 10. 1 

An elegant tract on logarithms, as a comment on Dr. Halley' 
method, was alſo given by Mr. Jones in his Synopfes Palmariri” 
Matheſeos, publiſhed in the year 1706. And in the Philoſophical 


Tranſactions he communicated various improvements in gonio 
| tx; 
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trical properties, and the ſeries relating to the circle and to trigo- 
nometry. | i 
The — above deſcribed was delivered to the Royal Society 
by their then librarian, Mr. John Robertſon, a worthy, ingenious, 
and induſtrious man; who alſo communicated to the Society ſeveral 
little tracts of his own relating to logarithmical ſubjects: he was 
alſo the author of an excellent Treatiſe on the Elements of Naviga- 
tion in two volumes; and he was ſucceſhvely mathematical maſter 
to Chriſt's hoſpital in London; head maſter to the royal naval aca- 
demy at Portſmouth; and librarian, clerk, and houſekeeper to the 
Royal Society; at whoſe houſe, in Crane Court, Fleet Street, he 
died in 1776, aged 64 years. | 

And among the papers of Mr. Robertſon, I have, ſince his death, 
found one containing the following particulars relating to Mr. Jones, 
which I here inſert, as I know of no other account of his life, &c. 
and as any true anecdotes of ſuch extraordinary men muſt always 
be acceptable to the learned. This paper is not in Mr. Robertſon's 
hand writing, but in a kind of running law-hand, and is ſigned 
R. M. 12 Sept. 1771. | 

« William Jones, Eſq. F. R. S. was born at the foot of Bodavon 
mountain [Mynydd Bodafon], in the pariſh of Llanfihangel tre'r 
Bardd, in the iſle of Angleſey, North Wales, in the year 1675. 
His father John George * was a farmer, of a good family, being 
deſcended from Hwfa ap Cynddelw, one of the 15 tribes of North 
Wales. He gave his two ſons the common ſchool education of the 
country, reading, writing, and accounts, in Engliſh, and the Latin 
grammar. Harry his ſecond ſon took to the farming buſineſs ; but 
William the eldeſt, having an extraordinary turn for mathematical 
ſtudies, determined to try his fortune abroad from a place where the 
lame was but of little ſervice to him; he accordingly came to Lon- 
don, accompanied by a young man Rowland Williams, afterwards 
an eminent perfumer in Wych Street. The report in the country 
ls, that Mr. Jones ſoon got into a merchant's counting-houſe, and 
ſo gained the eſteem of his maſter, that he gave him the command 
of a ſhip for a Weſt India voyage; and that upon his return he ſer 
up a mathematical ſchool, and publiſhed his book of navigation +3 
and that upon the dearth of the merchant he married his widow : that 
Lord Macclesfield's ſon being his pupil, he was made ſecretary to the 
thancellor, and one of the D. tellers of the exchequer—and they have 


| 


9 * 1 
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n. 


I It is the cuſtom in ſeveral parts of Wales for the name of the father to become 
the ſurname of his children. John George the father was commonly called Sion Siors 


or Llambabo, to which pariſh he moved, and where his children were brought up.“ 

This trag on navigation, intituled, A New Compendium of the whole Art 

bd Practical Navigation,” was publiſhed in 1702, and dedicated « to the reverend 

pc learned Mr. John Harris, M. A. and F. R. S.“ the author I apprehend of the 
4 vverſal Dictionary of Arts and Sciences,“ under whoſe roof Mr. Jones ſays 

compoſed the faid treatiſe on Navigation, 
R a ſtory 
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a ſtory of an Italian wedding which cauſed great diſturbance in Lor 
Macclesfield's family, but compromiſed by Mr. Jones; which gave 
riſe to a ſaying, that Macclesfield was the making of Jones, and 
Jones the making of Macclesfield.” 2h 5 
Mr. Jones died July 3, 1749, being vice-preſident of the Ro 
Society; and left one daughter, and his widow with child, which 
rel a ſon, who 1s the preſent Sir William Jones, now one of the 
judges in India, and highly eſteemed for his great abilities, exten- 
five learning, and eminent patriotiſm. 


Of Mr. Andrew Reid and Others. 


Andrew Reid, Eſq. publiſhed in 1767 a quarto tract under the 
title of An Eſay on Logarithms, in which he alſo ſhews the compu. 
tation of logarithms from principles depending on the binomial theo- 
rem and the nature of the exponents of powers, the logarithms of 
numbers being here conſidered as the exponents of the powers of 10, 
He hence brings out the uſual ſeries for logarithms, and largely ex 
emplifies Dr. Halley's moſt ſimple conſtruction. 

Beſides the authors whoſe methods have been here particularly de- 
| ſcribed, many others have treated on the ſubject of logarithms, and 
of_the fines, tangents, fecants, &c; among the principal of whom 
are Leibnitz, Euler, Maclaurin, Wolſius, and profeſſor Simſon in 
an elegant geometrical tract on logarithms, contained in his poſthu- 
mous works, elegantly printed in 4to. at Glaſgow in the year 1776, 
at the expence of the very learned Earl Stanhope, and by his Lord- 
ſhip diſpoſed of in preſents among gentlemen moſt eminent for ma- 
thematical learning. : 


Of Mr. Dodfon's Anti-logarithmic Canon. 


The only remaining conſiderable work of this kind publiſhed, that 
I know of, is the Anti-logarithmic Canon of Mr. James Dodſon, 3 
very ingenious mathematician, which work he publiſhed in. folio in 
the year 1742; a very great performance, containing all logarithms 
under 100000, and their correſponding natural numbers to 11 places 
of figures, with all their differences and the proportional parts; the 
whole arranged in the order contrary to that uſed in the common 
tables of numbers and logarithms, the exack logarithms being here 
placed firſt, and increafing continually by 1, from 1 to 100000, and 
their correſponding neareſt numbers in the columns oppolite to 
them; and by means of the differences and proportional parts, the 
Jogarithm to any number, or the number to any logarithm, each t0 


11 places of figures, is readily found. This work contains allo, be- 


ſides the conſtruction of the natural numbers to the given logarithms 
„ precepts and examples, ſhewing ſome of the uſes of logarithms, 
in facilitating the moſt difficult operations in common arithmetie, 
eaſes of intereſt, annuities, menſuration, & c; to which is prefixed 


— — — — — 2 # 
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in introduction, containing a ſhort account of logarithms, and of 
the moſt conſiderable improvements made, ſince their invention, in 
the manner of conſtructing them.” 

The manner in which theſe numbers were conſtructed, conſiſts 
chiefly in imitations of ſome of the methods before deſcribed by 
briggs, and is nothing more than generating a ſcale of 100Co0 geo- 
metrical proportionals from 1 the leaſt term to 10 the greateſt, each 
continued to 11 places of figures; and the means of effecting this 
are ſuch as eaſily flow from the nature of a ſeries of proportionals, 
and are briefly as follows. Firſt between 1 and 10 are interpoſed 9 
mean proportionals; then between each of theſe 11 terms there are 
interpoſed 9 other means, making in all 101 terms; then between 
each of theſe a 3d ſet of ꝙ means, making in all tool terms; again 
between each of theſe a 4th ſet of 9 means, making in all 10001 
terms; and laſtly between each two of theſe terms, a 5th ſer of 9 
means, making in all 100001 terms, including both the 1 and the 
10. The firſt four of theſe 5 ſets of means, are found each by one 
extraction of the 1oth root of the greater of the two given terms, 
which root is the leaſt mean, and then multiplying it continually by 
itſelf according to the number of terms in the ſection or ſet; and 
the 5th or laſt ſection is made by interpoſing each of the ꝙ means by 
help of the method of differences before taught. Namely, putting 

Z 1 1 


10 the greateſt term = A, ATT = B, B“ C, CTT = D, D*® 
= E, and E. = F; now extracting the 1oth root of A or 10, it 


gives 1,2589254118 = B = A** for the leaſt of the 1ſt ſet of means; 
and then multiplying it continually by itſelf, we have B, B*, B3, Bs, 
& to BY = A for all the 10 terms: 2dly, the 1oth root of 


12589254118 gives 1,0232929923 = , = B** A for the leaſt 
of the 2d claſs of means, which being continually multiplied gives 
„C, Cs, &e to C9 = BY = A for all the 2d claſs of 100 terms: 
ah, the 10th root of 10232929923 gives 1,0023056 2381 D = 


(is = Bs = As for the leaſt of the 3d claſs of means, which 
being continually multiplied gives D, D*, Ds, &c to De = C292 
= Þ* = A for the zd claſs of 1000 terms: 4thly, the 1oth root of 


I I 
. 1 IT Tc 
1,0023052381 gives 1, 002302850 = E D CB 2 


Ates for the leaſt of the 4th claſs of means, which being con- 
tmually multiplied gives E, E?, Es, &c to E = D922 = C209 
= Þ” = A for the 4th claſs of 10000 terms. Now theſe 4 claſſes 
af terms thus produced, require no leſs than 11110 multiplications of 
the leaſt means by themſelves; which however are much facilitated 
by making a ſmall table of the firſt 10 or even 100 products of the 
conſtant multiplier, and from thence only taking out the proper 
mes and adding them together: and thefe 4 claſſes of numbers al- 


R 2 ways 


. [— 8 
— — 7 — . 
- — 


— " ; —— * * — K 0 4 aa „ * _ ” 4+ * a "op _ 
I . won money nn r l 


124 CONSTRUCTION OF 


ways rove themſelves at every roth term, which muſt always agree 
with the correſponding ſucceſhve terms of the preceding claſs, . The 
remaining 5th claſs is conſtructed by means of differences, bein 
much eaſter than the method of continual multiplication, the [ft an] 
2d differences only being uſed, as the 3d difference is too ſmall to 
enter the computation of the ſets of 9 means between each two 
terms of the 4th claſs. And the ſeveral 2d differences for each of theſe 
ſets of 9 means, are found from the properties of a ſet of proportion- 


als 1, r, 72, 1, &c, as r — — — — 
diſpoſed in the iſt co- . 32 E 


lumn of the annexed . —Ux |r= x I— TEX 
table, and their ſeve- | ! [ By I 
ral ordersof differences | r r | 7 1 N 
as in the other columns 5 1 * ” 4 
of the table; where it . uy 74 | E? 

is evident that each Se] &e &c 


column, both that of the given terms of the progreſſion, and thoſe 
of their orders of differences, forms a ſcale of proportionals, having 
the ſame common ratio r, and that each horizontal line or row forms 
2 geometrical progreſhon having all the ſame common ratio r-1, 
which is alſo the 1ſt difference of each ſet of means; ſo Ih i 
the iſt of the 2d differences, and which is conſtantly the ſame, a 
the 2d differences become too ſmall in the required terms of our pro- 
greſſion to be regarded, at leaſt near the beginning of the table: hence, 


like as 1, r—1, and r—1|* are the 1ſt term with its 1ſt and ad diffe- 
rences; ſor", . r—1, and r ih are any other term with itz 
1ſt and 2d differences. And by this rule the iſt and 2d differences 


are to be found for every ſet of 9 means, viz. multiplying the iſt 
term of any claſs (which will be the ſeveral terms of the ſeries E, E, 


EI, &c, or every loth term of the ſeries F, F*, F3, &c) by r—1 0 


F—1 for the iſt difference, and this multiplied by F— 1 again for 
the true 2d difference at the beginning of that claſs, Thus the 
10th root of 1,0002302850 or E gives 1,090023026116 for F or 
the 1ſt mean of the loweſt claſs, therefore F — 12 T —1 = 


„0000230261 16 is its iſt difference, and the ſquare of it is r — 1 
| a ; 7 lor 
= ,0000000005302 its 2d difference; then is ,000023026116F 
N . ; 
or ,000023026116E the 1it difference, and ,0000000005302F | 


Or ,0c00000005 202E * is the 2d difference at the beginning of the 
nth elaſs of decades. And this 2d difference is uſed as the conſtant 


24 difference through all the 10 terms, except towards the end of 


the table where the differences increaſe faſt enough to require 3 
{mall correction of the 2d difference, and which Mr. Dodſon effect 
by taking a mean 2d difference among all the ad differences in this 


* o : . —— 1 
manner; having found the ſeries of iſt differences F — 1. E. 
3 p b 5 3 = w E V 'L \ ; 
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i. F—1. r, &c, take the differences of theſe, and 
of them will be the mean 2d differences to be uſed, namely, 
ht E. 2 E , E T2 -E, 8c, are the mean 2d dif- 
BD, And this is not only the more exact but alſo the eaſier 
way. The common 2d difference and the ſucceſhve 1ſt differences 
are then continually added through the whole decade, to give the 
ſucceſſive terms of the required progreſſion, 


Since the foregoing ſheets of this 2d edition were printed, there 
has come out a new book of Logarithmic Tables, by the late Mr. 
| Michael Taylor, a pupil of mine, and author of The Sexageſimal 
Table. His work conſiſts of three tables; 1ſt, The Logarithms of 
Common Numbers from 1 to 1260, each to 8 places of figures; 
2dly, The Logarithms of all Numbers from 1 to 101000, each to 
7 places ; 3dly, The Logarithmic Sines and Tangents to Every Se- 
cond of the Quadrant, alſo to 7 places of figures: a work that muſt 
prove highly uſeful to ſuch perſons as may be employed in very nice 
and accurate calculations, fuch as aſtronomical tables, &c. The 
author dying when the tables were nearly all printed off, the Rev. 
Dr. Maſkelyne, Aſtronomer, Royal, has ſupplied a preface contain- 
ing an account of the work, with excellent precepts for the expla- 
pation and uſe of the tables: the whole very accurately and ele- 


pantiy printed on large 4to, 
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ways prove themſelves at every roth term, which muſt always apre 
with the correſponding ſucceſſive terms of the preceding clas, „The 
remaining 5th claſs is conſtructed by means of differences, bein 
much eaſter than the method of continual multiplication, the 12 
2d differences only being uſed, as the 3d difference is too {mall to 
enter the computation of the ſets of 9 means between each two 
terms of the 4th claſs. And the ſeveral 2d differences for each of theſe 
ſets of 9 means, are found from the properties of a ſet of proportion. 


ab or des, Tem IDE LET an fe 
lumn of the annexed [r IIe |r=iÞ x | rmiÞ x 

table, and their ſeve- | ! [ 5 I TY 

ral ordersof differences * 1 TIN — 

as in the other columns 4. 1 71 * Py 8 

of the table; where it | 7 : E 

is evident that each &c &C — 


column, both that of the given terms of the progreſſion, and thoſe 
of their orders of differences, forms a ſcale of proportionals, having 
the ſame common ratio r, and that each horizontal line or row forms 
a geometrical progreſſion having all the ſame common ratio r-1, 
which is alſo the iſt difference of each ſet of means; ſo = Ik is 
the 1ſt of the 2d differences, and which is conſtantly the ſame, 2 
the 3d differences become too ſmall in the required terms of our pro- 


greſſion to be regarded, at leaſt near the beginning of the table: hence, 
like as 1, r—1, and r—1|* are the 1ſt term with its 1ſt and ad diffe- 


Oz DD — 2 2 = 


— D3 $3 C9 


— = 
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rences; ſor”, . r—1, and r. ih are any other term with it 
1ſt and 2d differences. And by this rule the iſt and 2d differences 
are to be found for every ſet of 9 means, viz. multiplying the i 
term of any claſs (which will be the ſeveral terms of the ſeries E, E. 
EI, &c, or every loth term of the ſeries F, F*, F*, &c) by 1 or 
F—1 for the 1ſt difference, and this multiplied by F— 1 again for 
the true 2d difference at the beginning of that claſs, Thus the 
oth root of 1,0002302850 or E gives 1, 00023026116 for F or 
the 1ſt mean of the loweſt claſs, therefore F —1 = pg —1 = 


„0000230261 16 is its iſt difference, and the ſquare of it is r — Ji 
- * | * 10x 
= ,0000000005302 its 2d difference then is ,0000230926116F 


—— 
— ' 


— — 


or 0000230261 16 * the 1it difference, and ,0000000005302F 


Or ,0c00000005 202E © is the 2d difference at the beginning of the 
nth elaſs of decades. And this 2d difference is uſed as the conſtant 
24 difference through all the 10 terms, except towards the end of 
the table where the differences increaſe faſt enough to require 3 
ſmall correction of the 2d difference, and which Mr. Dodſon effects 
by taking a mean 2d difference among all the 2d differences in this 


* . * = : 1 
manner; having ſound the ſeries of iſt differences F — 1. E. 
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rn F—1. | A &c, take the differences of theſe, and 
of them will be the mean 2d differences to be uſed, namely, 


544 ETI * E“, = E T2 wr &c, are the mean 2d dif. 
__ 


way. The common 2d difference and the ſucceſhve 1ſt differences 
are then continually added through the whole decade, to give the 
ſucceſſive terms of the required progreſſion, 


Since the foregoing ſheets of this ad edition were printed, there 
has come out a new book of Logarithmic Tables, by the late Mr. 


Table. His work conſiſts of three tables; 1ſt, The Logarithms of 
Common Numbers from 1 to 1260, each to 8 places of figures; 
2dly, The Logarithms of all Numbers from 1 to 101000, each to 
7 places; 3dly, The Logarithmic Sines and Tangents to Every Se- 
cond of the Quadrant, alſo to 7 places of figures: a work that muſt 
prove highly uſeful to ſuch perſons as may be employed in very nice 
and accurate calculations, fuch as aſtronomical x 4 &c. The 
author dying when the tables were nearly all printed off, the Rev. 
Dr. Maſkelyne, Aſtronomer, Royal, has ſupplied a preface contain- 
ing an account of the work, with excellent precepts for the expla+ 
pation and uſe of the tables: the whole very accurately and ele- 
pantly printeg on large qto, 
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been pretty fully treated in the preceding hiſtory of ſuch num. 
where the more learned and curious reader will find abundant 
ſatisfaction, I ſhall here give a brief, caſy, and familiar idea of theſe 
matters, for the practical uſe of young ſtudents in this ſubject. 


\ LT HOUGH the nature and conſtruction of logarithms haye 
bers, 


The Dzjinitien and Notation of Logarithms. 


Logarithms are the indices, or arithmetical ſeries of numbers, adapt- 
ed to the terms of a geometrical ſeries, in fuch ſort that o correſponds 
to, or is the index of, 1 in the geometricals. 


0-1-8 3 4 5, Kc. indices or logarithms, 
Thus 0 n 16 32, Ke. geometric — 
i 8 3 4 55 = indices or logarithms, 
I") 27 81 243. Co geometric ſeries. 
15 . es. 4 5, Ke. indices or logarithms, 
we 1, IQ, 109, 1000, 10000, I00000, &C, geometric ſeries. 


Where the ſame indices ſerve equally for any geometric ſeries; and 
from which it is evident that there may be an endlefs variety of 
ſyſtems of logarithms to the ſame common numbers, by varying the 
24 term 2, or 3, or 10, &c, of the geometric ſeries; as this wil 
change the original ſeries of terms whoſe indices are the integer 
numbers, 1, 2, 3, &c; and by interpolation the whole ſyſtem of 
numbers may be made to enter the geometrical ſeries, and receive 
their proportional logarithms, whether integers or decimals. 

Or, the logarithm of any number is the index of that power of 
ſome other number, which is equal to the given number. 80 if N 


be = r, then the logarithm of N is u, which may be either poſitive 
or negative, and r any number whatever, according to the different 
fyſtems of logarithms. When N is 1, then » = o, whatever the vs 
lue of vis; and conſequently the logarithm of 1 is always o in every 
ſyſtem of logarithms. When is = 1, then N is r; conſe- 
quently r is always the number whoſe logarithm is 1 in every ſy 
tem. When „ is = 2718281828459 &c, the indices are the hy- 
perbolic logarithms, ſuch as in our 7th table; ſo that # is the by: 


perbolic logarithm of 2718 &c.|". But in the common logarithms / 
1 
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j = 10; ſo that the common logarithm of any number (10% is 
(i) the index of that power of 10 which is equal to the ſaid num- 


der. © 1000, being the 3d power of 10, has 3 for its logarithm 


and if 30 be = 1 then is 169897 the common logarithm of 


50. And hence it follows that this decimal ſeries of terms 


10*, 103, 10, 10, 10% 10, 10, Io *, 7: Map 


or 10000, 1000, 100, 10, 1, 1 „ ot , oo , 0001, 
have 4 „ 3, 23 1, 0 „ — Il „ —-2 z —3 „ —4 » 
reſpectively for their logarichms. | 

The logarithm of a number comprehended between any two 
terms of the firſt ſeries, 1s included between the two correſpond- 
ing terms of the latter, and therefore that logarithm will conſiſt 
of the ſame index (whether poſitive or negative) as the leſs of thoſe 
two terms, together with a decimal fraction, which will always be 
poſitire. 8o the number 50, falling between 100 and 10, its loga- 
rithm will fall between 2 and 1, and is = 169897, the index of the 
leſs term together with the decimal · 69897: alſo the number o, 
falling between the terms *1 and ot, its logarithm will fall between 
— and — 2, and is indeed = — 2 + *69897, the index of the leſs 
term together with the decimal 69897. The index is alſo called the 
characteriſtie of the logarithms, and is always an integer, either po- 
ſitive or negative, or elſe = o; and it ſhews what place is occupied 
by the firſt ſignificant figure of the given number, either above or 
below the place of units, being in the former caſe + or poſitive, in 
the latter — or negative. 

When the characteriſtic of a logarithm is negative, the ſign — is 
commonly ſet over it, to diſtinguiſh it from the decimal part, which 
being the logarithm found in the tables, is always poſitive : ſo 
=2 + *69897, or the logarithm of og, is written thus 2:69897. But 
on ſome occaſions it is convenient to reduce the whole expreſſion to 
4 negative form; which is done by making the characteriſtic figure 
lels by 1, and taking the arithmetical complement of the decimal, 
that is, beginning at the left hand, ſubtract each figure from g, ex- 
cept the laſt ſignificant figure, which ſubtract from 10; to ſhall the 
remainders form the logarithm intirely negative. 'Thus the loga- 
rithm of '05, which is 2:69897 or — 2 + 69897, is alſo expreſſed 
by — 1130103, which is wholly negative. It is alſo ſometimes 
thought more convenient to expreſs ſuch logarithms wholely as po- 
ltive, namely, by only joining to the tabular decimal the comple- 
ment of the index to 10; in which way the above logarithm is ex- 
preſſed by 869897 z which is only increaſing the indices in the 
cale by 10. It is alſo convenient, in many operations with loga- 
rithms, to take their arithmetical complements, which is done by 

eginning at the left hand, and ſubtracting every figure from g, but 
the laſt figure from 10 : ſo the arithmetical complement 


of 169897 1” of 2:69897 [where the index — 2, being nega- 
Iy 330103, | it is 11·30103, ] tive, is added to 9, and makes 11. 
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From the definition of logarithms, either as being the indices o 
a feries of geometricals, or as the indices of the powers of the ſam 
root, it follows that the multiplication of the numbers will anſwer 
to the addition of their logarithms; the diviſion of numbers to the 
ſubtraction of their logarithms ; the raiſing of powers, to the multi. 
plying the logarithm of the root by the index of the power ; and 
the extracting of roots, to the dividing the logarithm of the gixet 
number by the index of the root required to be extracted. 80 
1ſt. L. ab or a h is =L.a ＋ L. 5 

L. 18 or 3 & 6 is = L. 3 L. 6 

L. 5 Xg9Xx73is L. 5 TL. 94 L. 73 
2d. L. a — 6 is = L. a — L. 5 

L. 18 — 6 is = L. 18— L. 6 

L. g X5—9is = L. jo L. 5 — L. 


L. 2 or 1 2 is = L. 1 — L. 2 O = L. 2 — L. 2 
I. or fais —L.n 
1 | mw 
3d. L. ris =nL.r;L rf ork /r is = —L. r; L. * is L 


IL 2 
L. is = 6 L. 23. L. 2 or L. V2 is = TL. 2; L. 2 i L. 
So that any number and its reciprocal have the ſame logarithm, 

but with. contrary ſigns; and the ſum of the logarithms. of any 

number and its complement, is equal to o. 


To confirut Logarithms. 
It has been ſhewn in the foregoing hiſtorical part, that the logs 
45 


| 3 7 
rithm of — is = — K : =+ — 23 5 &c; where 2 is the 
ſum, and x the difference of a and b; alſo m = 23025902994 
&c, the hyp. logarithm of 10. Therefore if a and & be any two 
numbers differing only by unity, ſo that x or þ — a may be = 13 
then ſhall the logarithm of þ be = L. a + — X : - + 7 
Which gives this rule in words at length: call z the ſum of anf 
number (whoſe logarithm is ſought) and the number next leſs bf 
unity; divide *8685889638 &c (or 2 — 2.3025 &c) by 2, and re- 
ferve the quotient 3 divide the reſerved quotient by the ſquare of 2 
and reſerve this quotient ; divide this laſt quotient alſo by the ſquare 
of x, and again reſerve this quotient: and thus proceed continual 
dividing the laſt quotient by che ſquare of 2, as long as diviſion cal 
be made. Then write theſe quotients orderly 5 one another, 
the firſt uppermeſt, and divide them refpeCtively by the uneten 
numbers 1, 3, 5, 7, 9, 11, &c, as long as diviſion eam be m 
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that is, divide the firſt reſerved quotient by 1, the 2d by 3, the 3d 
by 5, the 4th by 7, &c. Add all theſe laſt quotients together, and 
the ſum will be the logarithm of þ— az and therefore to this loga- 
rithm add alſo the logarithm of a the next leſs number, and the ſum 
will be the required logarithm of & the number propoſed. 


Ex.1. To find the Log. of 2. | Ex. 2. To find the Log, of z. 

the next leſs number is 1, & 2 + 1|Here the next leſs number is 2, and 2 + 3 
$ = 8, whoſe ſquare is 9g, Then = 5 = , whoſe ſquare is 25, to divide 
8588964 1)·289529654(˙2 895 29654 by which always multiply by o4. Then 
9529054] 3) 32169992( 1072332105 )*8685388964] 1)*173717793("173717793 
2169962] 5) 357444300 714835 1 1727 ige0s 3) 0948712( 2316237 
3574449] 7) 397100 5673725) . 6948712| 5) 277948( 55590 
397160] 9g) 44129( 49035) 277948| 7) 11118( 1588 


44129111) 4903( 4465) 1111809) 4480 50 
4903013) 5450 42125) 445/71) 180 2 
545115) | 610 1 18] L. 3 =- 170091260 
61 Log, ® + 301029995 L. 2 add 301029998 


Add L. 1 000000000 


oc | Lig - - "47711255 
| Log. of 2 301029995 | 


Then becauſe the ſum of the logarithms of numbers gives the lo- 
garithm of their product, and the difference of the logarithms gives 
the logarithm of the quotient of the numbers, from the above two 
logarithms, and the logarithm of 10, which is 1, we may raiſe a 
great many logarithms thus: : 


* 


Ex. 3. Becauſe 2X 2 = 4, therefore Ex. 6. Becauſe 3* = 9, therefore 


to L. 2 301029995 L. 3 4 "477121254778 
add L. 2 — 301029995 mult. by 85 


lum is L. 42288292 Lives L. 9 = "954242509 _ 


Ex. 4. Becauſe 2 x 3 = 6, therefore Eæ. 7. Becauſe 12 = 5, therefore 
to L. 2 - 301029995 from L. 10 — 1000000000 
add L. 3 - 477121255 take L. 2 — 3010299953 


—— 


ſum is L. 6 778161250 leaves L. 5 528970 


* Becauſe 23 = 8, therefore "_ 3. Becauſe 12= 3X4, therefore 


4 301029995) to L. 3 — 477121265 
mult. by - 3 add L 4 - _*60 20 - 999 t 
bires IL. 8 203089982 gives L. 12 + 1 079181246 


And thus by computing, by the general rule, the logarithms of 
ne other prime numbers 7, 11, 13, 17, 19, 23, &c; and then uſing 
compoſition and diviſion, we may eafily find as many logarithms as 
Ve pleaſe, or may ſpeedily examine any logarithm in the table. 
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THE DESCRIPTION AND USE OF THE TABLES. 


TH E following collection conſiſts of various tables, in this ot. 
der, viz. 1, A large table of logarithms to 7 places of figures; 
2, A table for finding logarithms and numbers to 20 places; 3, Loga. 
rithms to 20 places, with their iſt, 2d, and 3d differences; 4, An. 
other table of logarithms to 20 places, with their iſt, 2d, and 3d 
differences; 5, Logarithms to 61 placesz 6, Another table of loga« 
rithms to 61 places, with their 1ſt, 2d, 3d, and 4th differences; ), 
Hyperbolic logarithms ; 8, Logiſtic logarithms ; 9, Logarithmic ſines 
and tangents to every ſecond of the firſt 2 degrees; 10, Natural and 
logarithmic fines, tangents, ſecants, and verſed fines, with their 
differences to every minute of the quadrant. After which folloy 
ſeveral ſmaller tables; as a table of the lengths of circular arcs; a 
traverſe table, or table of difference of latitude and departure, to 
every degree and quarter point of the compaſs; a table for chang. 
ing the common logarithms into hyperbolic logarithms ; and a table 
of the names and number of degrees &Cc. in every point of the com- 
paſs; as alfo lifts of errata in various works of this ſort. Of each 
of which in their order. ag. 


Of the large Table of Logarithms. 


The firſt is the large table of logarithms to all numbers from 1.to 
1020009, by which may be found the logarithm to any number and 
the number to any logarithm to 7 places of figures. This table 
conſiſts of two parts; the firſt contains, in 4 pages, the firſt 1000 
numbers with their correſponding logarithms in adjacent columns; 
the ſecond contains all, the 100000 numbers and. their logarithms, 
with the differences and proportional parts, diſpoſed as follows: in 
the 1ft column of each page are the firſt 4 figures of the numbers, 
and along the top and bottom of the columns is the 5th figure, in 
which columns are placed all the logarithms, the firſt 3 figures of 
cach logarithm being at the beginning of the lines in the firſt column 
of logarithms, ſigned o at the top and bottom, and the other 4 
figures in the remaining columns. After the 10 columns of logs 
rithms ſtands their column of differences, ſigned D; and laſtly aſter 
that, the column of proportional parts, ſigned pro. pts. ſhewing what 
proportional part of each difference correſponds to 1, 2, 3, Kc, 
the whole difference anſwering to 10; or ſhewing the 76: 755 757 
&c, of the differences. 5 

Nzte, the logarithms in theſe columns are all ſuppoſed to be dect- 
mals, and their correſponding natural numbers may be either inte- 
gers ct decimals or mixt numbers, for the fame figures, whatever 
their denomination, have the ſame decimal logarithm, and thelc 
differ only in the index or characteriitic, which is the integer num 
ber to be prefixed to the decimal part of the logarithm z and 3 

| W 


** 
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always the number which expreſſes the diſtance of the higheſt deno- 
mination, or left-hand figure, of the natural number, from the units 
place. 50 that it the natural number conſiſt of only one place of 
integers, the index of its log. will be o; if of 2, 3, 4, 5, &c, the 
index of its logarithm will be reſpectively 1, 2, 3, 4, &c, being 
t leſs than the number of integer places: and the ſame figures made 
negative will give the index of the logarithm of a decimal, viz. if 
the natural number be a decimal, and its firſt ſigniſicant figure be 
jn the place of primes, 2ds, 3ds, 4ths, &c, the index of its logarithm 
will be reſpectively 1 , 75 3 „ 4, Ka, till the figure which ex- 
preſſes the diſtance of the firſt place of the natural number from 
the units place, but with a negative ſign, as the number is below 
the place of units, the ſign being written above the index inſtead of 
before it, as that part only of the logarthms is to be conſidered as 
negative, the decimal part of it being always athrmative. And in 
the arithmetical operations of addition and ſubtraction with loga- 
rithms, the negative indexes will have the contrary effect to that of 
the decimal part of the logarithm, viz., when the logarithm is to be 
added, the figure of the negative index muſt be ſubtraQted, & wice 


zerſa, Hence if 4234097 be the tabular or Number 4 50 og 
decimal part of the logarithm belonging to Pest bas wp ll 


the figures 265 1, without any regard to their | ,6c.x 2:42 34097 
particular denominations; then according as | 26-51 1.423409 
they are varied with reſpect to the number 2651 Jo 42 34097 
of-decimals, as in the 1ſt annexed column, 2661 |1-4234097 
the index of their logarithm, and the com- ri 7 

plete logarithm, will vary as in the 2d co- | E hr 
lumn here annexed. - And hence, like as '00265113*42 34997 
when the natural number is given, we find the index of its loga- 
rithm by counting how far its firſt figure. on the left hand is from 
the units place; 6 when a logarithm is given, the denominations 
of the figures in its natural number will be found by placing the 
decimal point ſo, that the number of integer places may be 1 more 
than that of the index when poſitive, or by ſetting the firſt fig- 
nificant figure in that decimal place, which is expreſſed by the 
number of the index when negative, 


— — wann Wy . * 


] 
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7 finding the Logarithm of a given Number, or the Number to a given 
Legarithm. 


7. To find the Logarithm of a Number conſiſting of 3 Figures. 


Find the number in the column of numbers in one of the firſt A 
Pages of the table, and immediately on the right of it is its logarithm 
33 So the logarithm of 72 is 18573325, and the logarithm 
0 3'33 is o: 224442, when the proper index is ſupplied. 
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rithm before found for the firſt 5 figures, the ſum being the loga- 
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2. To find the Logarithm of a Number conſiſting of 4 Places. 


In the firſt column (ſigned N) in ſome one of the pages of the 
table after the ſirſt four, find the given number, then againſt it in 
the 2d column (ſigned o) is the logarithm ſought. So the logarithm 
of 2254 is 3˙35 29539, and that of 31:32 is 14598218. 


3. To find the Logarithm of a Number conſiſting of 5 Places. 


Find the firſt 4 figures of the given number in the firſt column a 
before, and the 5th figure at the top or bottom z then the 7 figure 
of the logarithm are found in two columns on the line of the firſt 
figures of the given number, viz. the firſt 3 figures of the logarithm 
are the firſt 3 common figures of the 2d column (ſigned o), and the 
laſt 4 figures are on the ſame line, but in the column ſigned with 
the 5th figure of the given number. So the logarithm of 23204 is 
43655629, and that of 746 40 is 2'8729716, and that of *083178 
is 2:9200085. 

Note, When the laſt four figures of the logarithm begin with a 
cipher, or any figure leſs than the laſt four in the 2d column begins 
with, then the firſt 3 common figures are thoſe in the next lower 
line: ſo in the laſt example the firſt 3 common figures are 920, and 
not 919. 


4. To find the Logarithm of a Number of 6 Places, 


Find the logarithm of the firſt 5 figures by the laſt article, and 
take the difference between that logarithm and the next following 
logarithm, or (which is the ſame thing) find the difference neareſt 
oppoſite in the laſt column but one, ſigned D; then under that dif- 
ference in the laſt column (of proportional parts) and againſt the 
6th figure of the given number, is the part to be added to the loga- 


rithm ſought. So to find the logarithm of 3409'26, the logarithm 
of 34092, the firſt 5 Fgures, being 5326525, and the common dif- 
ference 127, under which and againſt 6 in the laſt column is 76, 
which being added to the former logarithm, and the proper index 
prefixed, we have 3:5326601 for the whole logarithm required. 


5. To find the Logarithm of a Number of 7 Places. 


Find the logarithm of the firſt five figures by the 3d article, and 
of the ſixth figure by the 4th article; then for the logarithm of the 
th figure, divide its proportional part by 10, that is, ſet it one place 
farther to the right hand than the laſt ſigure of the logarithm 
reaches; add all the three together, and their ſum will be the loge 
rithm required. Bs 

1 


e ſeveral parts being taken out according 3 7 Log 24 
to rule, and placed as in the margin, the 3409 1 332 78 
um gives the whole logarithm ſought. "PI 8.0 
Note, In the ſame way we 7 take out 3450264 - 6.53256 * 
he proportional part of an 8th figure, divi- 
ling its tabular part by 100, or ſetting it two places farther to the 
icht hand than the firſt logarithm. Or the whole proportional part 
for any number of figures above five, may be found at once by mul- 
plying the common tabular difference of the logarithms, 
found as before, by all the figures after the 5th, cutting 
off from the product as many figures as we multiply — 
by, and adding the reſt to the logarithm of the firſt 5 
figures before found. So in the laſt example above, — — 
having found the common difference 127, multiplying 6 81,23 
it by 64 the laſt two figures, cutting off two, add the 2 
reſt to the logarithm of the firſt 5, as in the margin. 9+5329506 
For another example, ſuppoſe we wanted the logarithm of the 
following 8 figures 34092048. The operation by both methods will 


a be as below. 
$ 127 
r 4092 - —- 353265 25 648 
0 ; 1 76 1016 
1 6 *. 508 
2 8 - = I,02 762 
092648 - 75326697 82,296 
| __$326525 © 
{ 7-5 326607 the fame as the other. 


b. To find the Logarithm of a Vulgar Fraction, or of a Mixt Number. 


Either reduce the vulgar fraction to a decimal, and find its loga- 
rithm as above. Or elſe (having reduced the mixt number to an 
Improper fraction), ſubtract the logarithm of the denominator from 
the logarithm of the numerator, and the remainder will be the lo- 
prithm of the fraction ſought. 


Ex. 1. To ſind the log. of F, or o: 1875. Ex. 2. To find the log. of 131 or 5 
rom log. of 3 -  ©* 4771213 From log. of 55 17403627 
ake log. of 16 5 I* 2041200 [Take log. of 4 606020600 


dem. log. of „g or 1875 I* 2730013 Leaves log.of Sorl3*75 191383027 


7. To find the Natural Number anſwering to any given Logarithm. 


Find the firſt 3 figures, next after the index of the given loga- 
. in the ſecond column, ſigned o, and the other 4 figures on 
e lame line in one of the nine following columns; if the figures 

the logarithm be thus found exactly, then ou the ſame line in the 


4xit 


* 
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firſt column are the firſt four figures of the natural number, and the 
5th is at the top or bottom of that column in which the laſt fou 
figures of the log. were found, So to find the number anſwering y 
the logarithm 2::890108. In pa. 64 I find the firſt three figures gy, 
and in column 6 of the line above are found the other four 014 
(becauſe the firit three common figures are ſuppoſed to begin at thy 
art of the line above where they are placed); then on the fany 
Fine in the column of numbers ſtand the firſt four figures 388˙1, an 
6 at the top of the column, making in all 388-16 for the number 
ſought ; having placed the decimal point fo as to make three inte, 
gers, being 1 more than 2 the index of the given logarithm. 
But if the given logarithm be not found exactly in the table, ſub. 
tract the ext bbs tabular logarithm from it, and look for the re. 
mainder 1n the proportional parts under the difference between the 
two tabular logarithms next leſs and greater than the given logs, 
rithm, and againſt it, or the part next leſs, is a 6th figure to by 
annexed to the five figures before found. And if the remainger he 
not found exactly in the proportional parts, ſubtract the next leh 
part from it, and annex a cipher to this 2d femainder, then again 
the neareſt proportional part (either greater or leſs) is a 7th figure 
to be annexed to the fix before found. And that figure will be the 
neareſt to the truth in that place, either too much or too little. 


Ex. To find the number anſwering to the logarithm 12335678. 
The next leſs tab. log. is the log. of 17122 viz. 2 335545 
"5 . 33 ne 
- $5 for the part 19 
2d rem, bo 
2 for the part „ 1 
Zo that the number ſought is 1712252, making two integers fot 
the index 1. | r hs | 
Or the 6th and 7th figures may be found without the table of pro- 
portional parts, by dividing the firſt remainder by the tabular dil 
rence, annexing one cipher to the dividend for each 254)133,00(51 
figure to be found. 80 in the laſt example, the re- 


The difference is 254, 
and the table of pro. pts. gives Þ 


127,0 
mainder 133, with two ciphers annexed, being di- — gr 555 
vided by the tabular difference 254, as in the margin, 508 


the quotient gives 52 for the 6th and 7th figures, the 
Tame as before. | | | 
In like manner may be found the numbers to the following log 
rithms. 5.5 

Logar. 1*2345678|3*7343003 
Numb. 17 16200 [5423758 


10921406 
1236348 


3·2940d0h 
1979˙74 


4˙6 123004 
40954˙39 


23720468 
025553 303 


Of 
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OF LOGARITHMICAL ARITHMETIC. 


I. Multiplication by Logarithms. 


Add together the logarithms of all the factors, and the ſum is a 
logarithm, the natural number correſponding to which, being found 
in the table, will be the product required. : ; 
Obſerving to add, to the ſum of the affirmative indices, what is 
carried from the ſum of the decimal parts of the logarithms. 

And that the difference between the affirmative and negative in- 
dices is to be taken for the index to the logarithm of the product. 


Ex. 1. To multiply 23'14 by 5062. }Ex.2. To mul. 2.58 1926 by 3'457291« 
23*14 its log. is 13643634 2*581926 its log. is 4119438 
5*062 its log. is 0*7043221 $*457291 <= 0*5 337359 

Product 117*1347 = 20080855 Prod. 8:92647 - = 0*g950659F 


r. z. To mult. 3*992, and 59716, Ex. 4. To mult. 35:96, and 211046, 


e and *0314728 all together. | and 08372, and 0*0294 all together. 
K 3902 its log. is 05912873 3*580 its log. is o˙5 546103 
597.16 27760907 21046 —-— 03231696 
00314728 = 240%3533 0*'38372 = = 1.922B292 

2 8 


010294 = +». 2:4083473 

Prod. +1857618 - 12689564 

Here the 2 to carry cancels the 2, and 
chere remains the 1 to ſet down. 


Prod. 13*33533 = 18653133 


The 2 cancels the 2, and the 1 to 
ery from the decimals is ſet down, 


II. Divifon by Logarithms, 


From the logarithm of the dividend ſubtract the logarithm of the 
Wviſor, the remainder is a logarithm whoſe correſponding number 
will be the quotient required. 

But firſt obſerve to change the ſign of the index of the logarithm 
of the diviſor, viz. from negative to afhrmative, or from affirmative 
to negative; then take the ſum of the indices if they be of the ſame 
kind, or their difference when of different” ſigns, with the fign of 
the greater, for the index to the logarithm of the quotient. 


And when 1 is borrowed in the left-hand place of the decimal 
part of the logarithm, add it to the index of the logarithm of the 
0 diriſor when that index is affirmative, but ſubtract it when nega- 
| 


ve; then let the index thus found be changed, and worked with 
8 before. | 


Of Es. 
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Ex. 1. To divide 24163 by 4567. [Ex. 2. To divide 37*149 by 52376. 
Divid. 24163 its log. 4˙383 1509 Divid. 37149 its log. 15699471 
Divis. 4567 - 36596310 Divis. 523*76 = =» 2*7 191323 

: 2 — 
Quot. 5290782 0235 199 Quot. *07092752 = 28508144 


Ex. 2. To divide 063 14 by *007241. Ex. 4. To divide *7438 by 12*9476, 


Divid. 06314 its log. _2:8003046 Divid. *7438 its log. 1*8714562 
Divis. *007241 < 3*8597985 Divis. 1219476 1.112180 


Quot. 8:719792 - 0:940g061 Quot. 05744694 2*759266 
Here 1 carried from the decimals to 


the 3 makes it become 2, which taken Here the I taken from the 1 make 
from the other 2, leaves o remaining. lit become 2 to ſet down. 


III. The Rule of Three, or Proportion. 


Add the logarithms of the 2d and 3d terms together, and from 
their ſum ſubtract the logarithm of the 1ſt, by the foregoing rules; 
the remainder will be the logarithm of the 4th term required, 

Or in any compound proportion whatever, add together the log 
rithms of all the terms that are to be multiplied, and from that {un 
take the ſum of the others; the remainder will be the logarithm of 
the term ſought. 

But inſtead of ſubtracting any logarithm, we may add its comple- 
ment, and the reſult will be the ſame. By the complement is meant 
the logaritam of the reciprocal of the given number, or the re. 
mainder by taking the given logarithm from o, or from 10, changing 
the radix from o to 10; the eaſieſt method of doing which, is to 
begin at the left-hand, and ſubtract each figure from , except the 
laſt fignificant figure on the right-hand, which muſt be ſubtraQted 
from 10. But when the index is negative, add it to , and ſubtratt 
the reſt as before. And for every complement that is added, ſub- 
tract 10 from the laſt ſum of the indices. 


Ex. 1. To find a 4th proportional to Ex. 2. Ta find a 3d proportional to 

7234, and 2*519, and 357*4362, | 12*796 and 3*24718, 
As 7234 comp. log. 8-1496215|As 12*796 comp. log. 8:8929253 
To 2.5 19 040122820 To 32418 0511800 
So 357˙ 4822 — 2553259280 324718 - 05115064 
To 1244827 - 1*095 1089 To 8240216 « a 1915939 


. Ex. 4. If the intereſt of 100l. for 4 
Ex. 3. To find a number in propor- year or 365 days be 4*5l. what will 


tion to *379145 as 85132 is to} he the intereſt of 279*251. for 274 
0649. | days, 
As 0549 - comp. log. 111877553 
To 85 132 - | - Jos 
So 37914353 = 157889;4/T0 
To 4973401 — d6966535)g, 4 
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IV. Invelution, or Raifing of Powers. 


Multiply the logarithm of the number given by the propoſed in- 
dex of the power, and the product will be the logarithm of the 


power ſought, 


Note, In multiplying a logarithm with a negative index by any 
affirmative number, the product will be negative.—But what is to 
he carried from the decimal part. of the logarithm will be affirma- 
tire.— Therefore the difference will be the index of the product; 
and it is to be accounted of the ſame kind with the greater. 


Ex. 1. To find the 2d power off Ex. 2. To find the cube of 307146. 


25791. : 
Root 2*5791 its log. 04114682] Root 3'07146 its log. 0*487 3449 
inden =- 2 index - - 3 


Power 6651756 - 08229304 Power 2897575 14620347 


Ex, 3. To find the 4th power of Ex. 4. To find the 365th power of 


09163. 1 2255 
Root *09163 its log. 2:9620377f oot 10045 its log. 0'0019499 

: ID — 32 - ae" index OE. 355 

q P $-5:8481508 97495 

e. ower *0000704938 - 5˙ 848 150 

' Here 4 times the negative index be- by, | - 34970 


ng 8, and 3 to carry, the difference 
C18 the index of the product. 


Power 5148888 o'7117135 


V. Evolution, or Extraction of Roots. 


Divide the logarithm of the power, or given number, by its index, 
nd the quotient will be the logarithm of the root required. 


„Mete, When the index of the logarithm is negative, and the di- 
or is not exactly contained in it without a remainder, increaſe it 
Jy ſuch a number as will make it exactly diviſible ; and carry the 


e root. 


T Ex. 


1 
N 
1 


. 
» = - — 
- o g 
—— — — — ——— — — wb 


7 5 
— 


— 
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its borrowed, as ſo many tens, to the left-hand place of the de- 
aul part of the logarithm ; then divide the reſults by the index of 


— == 


> 
—ͤ— — 
. 4247 , > madre 


= m_—_— , — _ £0 — 
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Ex. 1. To find the ſquare root offEx. 2. To find the cube root of 
355. 12345. 

Power 365 2) 25622929 Power 12345 3) 40914911 

Root 1910498 12811465 Root 2311162 - - 1*3638304 


Ex. 3. To find the 10th root of 2. Ex. 4. To find the 365th root of 
Power 2 - 10) oo 10300 1045. 
Root 1071773 C o301030 Power 1045 365) 0˙0 191163 
Root 100121 +  0*0000;24 


Ex. 5. To find the ſquare root of Ex. 6. To find the cube root af 
093. 3 00S. 

Power 93 2) 29684829 Power - +« 3) 46812412 

Root *304959 - - 1484241 Root *0:829735 - - 28937411 
Here the f =. 4h is GS Here the diviſor 3 not being exactly 
actly once in 2 the negative index, contained in 4, augment it by 2, to 
therefore the index of the quotient make it become 6, in which the di. 
is I, viſor is contained juſt 2 times; and 
the 2 borrowed being carried to the 
other figures 6 &c, makes 268 12415 
which divided by 3 gives *8937471. 


r Rmocdci 


OF THE TABLES FOR LOGARITHMS TO TWENTY 
PLACES. 


HES E are tables 2d, 3d, and 4th, beginning at page 187 

Of theſe, table 2 contains all numbers from 1 to 1000, and 
all uneven numbers from 1000 to 1161; with their logarithms to 
twenty places: table 3 contains all numbers from 101000 to 101130 
with their logarithms to twenty places, and the 1ſt, 2d, and 3d di- 
ferences of thoſe logarithms: and table 4 contains all logarithms 
regularly from 00001 to oog, with their correſponding natural 
numbers to twenty places, as alfo the 1ſt, 2d, and 3d differences of 
thoſe numbers. And by means of them may be found the logarithm 
to any other number, and the number to any other logarithm, to 
twenty places of figures. 


% 


(I.) To ind the Logorithms to given Numbers. 


Casr 1. If the given number & be found in any of theſe three 
tables; then its logarithm B is in the line even with it. 


Cast 2. If b is known to be the product or quotient of number 
found in theſe tables; then B is the ſum or difference of the 10g? 
rithms of thoſe numbers. 

C45 
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Cask 3. If a“, the firſt ſix ſignificant figures of a given number 
„ be found in table 3; let a/ be an integer, A” its logarithm 
the remaining figures of /; x the complement of © tod or 1; 
D', D/, D“, the 1ſt, 2d, 3d differences of the logarithms in the 
fame line with AT; f= + D” x x + 1 + D“: Then B/ the loga- 
rithm of the number / will be 

D/ X@ + A - to 12 

1:D"+D X#+A* = to 50 places of figures nearly. 

F - - to20 

Ex. 1. Given the number 7 = 0:01010,26227,6351, to find B- 
its logarithm nearly to twelve places. | 

Here a/ = 101026. / = 00443,31579,747 _ 
0 = 0'2276351 TDY - - - - + 9785,618— 


DP = 429881746 B. = 2:00443,41365,365— 
Ex. 2. Given þ = 0:01010,26227,63509,626, to find B' its log, 
nearly to 17 places. Here a = 101026. 
3 o22763, 509626; x = 0772365 3 D' = 42988, 1745793 D“ 
= 425510. 
Now 4 x D — | - - 16432,45 
D' 42988,17457,86 
x D"+D! - - 42988, 33890, 31 
IF - - 9785,65 460, 42 
0 - 0'0443,31579974095933 
And ZxD + DF „N + A“, or Bo 2:00443,41365,40161,75 
Ex. 3. Given = o. 01010, 26227, 53509, 625 73, 17345, to find BY 
its log. nearly to 20 places. a = 101026. 
2.22763, 5002,57 3173; # =0'77236,490374z x +1=1772365z 
D 42988,17457,86301; D'= 42550,90343 ; D =84236. 
Now 7 D „ x + 1 = - - 49766 
— 42559,90343 
- 42451 
10432,02757 
42988, 1745786301 
Z * FTD- f — 42998,33890,49058 
2 * ＋ D Xx @® 9785,05 405, 45 
A —044323157974595732701 
And B- — — - 2,0044 3,41305,40161,78 395 | 
Cask 4. If the number b do not come under one of the preceding 
Caſes: put a for the firſt five figures of 6; u for 101, the leaſt, or 


& N 5 
ſome one, of the numbers in table 3; then —or a is to be had 


a | | 6 
in table 2, with A its logarithm ; let & = — or ba, and a! the 


rſt ſix ſignificant figures of (found in table 3) be an integer, 
＋ 2 and : 
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and A“ its logarithm ; put ò for the remaining figures of 5“; „ the 
complement of 9 to d“; D/, D“, D“, the 1ſt, 2d, 3d,' dif. 
rences of the logarithms f in the ſame line with A; f= =D” x 
x +1 + D'”. Then B the logarithm of the 80086 b will be 
D x3%+A+A=B+A 0170 


places of 


zD'+D KNA A A= / 4 A to17 Kees ae 


izxf +D'X@#+A'+A=P' +A to 20 


Ex. Given b = 75 14 159,26535,89793,23846,264 34, to find B tg 
twenty places. 


Here a = 31415. Let a = = = 311. 


: b 
Then Þ = — = oo, 15840, 95144, 02970, 57 a 101015 
9 = 0*94095,14492,97057 ; x = 015904. 85597; x + 1 = 115905 
DJ = 42992,85574,00337 3 ; D'= 42560,23099; D!“ == 84263. 
Now + DK x+1 — - - 32555 
un” - - 442560, 2300 
95 M = mn — 42500, 5505 
= | RIF. \ - =. 33% 
D - = — 42992,85574,0633" 


zxf + D' — — „4429925889 58,60095 
2 * DX 5 — 3051 4,93 242,001 
A” — = 00438,58681,74054,309þ1 

A - 49276,03890, 20837,50555 


And B - - 0497 14,987 20,94133,8543) 
Or, let a = — = 3*216 = 0*536 X 6. 


Then 6 = Fog . 1 e336, % fte 550549 3 : a' = 101033. 
= 0*61973,94477-59549; x = 0:38026,055225 ; x + 1 13802; 
D'= 42985,19618,80760 ; D* = = 42545900747 - D“ =84219% 
Now 1 D“ Xx Xx 41 — - - 38748 
D“ 5 4 42545,0074] 


f ; Y . - 42545747403 
1 
E 


2 - - 8080, 7040 
D a 5 = « 42985,19018, $0760 


2xf+ D' - Rs — 42985,27707,98079 
: DNS — 20639, 67187, 88811 
A Is 00446, 32488, o33 59,01854 
B 5 100440, 50 127, 70547, 50bö5 


A = = 0731, 60400, 764 13,6525 
B=B'=]A < 0.49714, 98720, 9413355854 


(l.) 10 
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and 


(II.) To find the Numbers to given Logarithms. 


Cast 1. When the logarithm B is found in any of theſe three 
tables: then its number “ is in the line even with it. 


Cask 2. If the firſt five figures (omitting the index) of a given 
logarithm B', be between 00432 and 00492 : take them as an inte- 
ger, and put A” and C for the logarithms, in table 3, next leſs and 
reater than B/, 4 and “ their numbers; let D' (= C' — A) and 
Dede the 1ſt and 2d differences in the line with A“; A =B'—A; 


D'— 4 A 
d'=(c/—a'=) 1; N = * 4 5D: then þ'.= 4 


0 


+ d, nearly true to 17 places of figures, 

Ex. Given the logarithm BY - - = 5,00446,59127,70547,507 
to find b' its number. A = 5,00446,32488,03359,619 
a' = 101033 | A = 26639, 67187, 888 
92 - 661973, 944776 D o. 42985, 19018, 808 


— — www 


S 101033*61973,944770 D'— A = o'16345, 5 2430, 920 
X = 0:38026 
D“ = 0100000442545 

EX D” = o0:00000,08089, 1 

D'+ z XD“ = 0:42985,27707,9 
But when any other logarithm B is given, ſubduct .004.321 from 
the firſt fix figures of B; call the remainder R, and let A be the 
logarithm in table 2, next leſs than R, or next greater than the 
complement of R, and @ its number: then B'=B - A, or B. 
TD + A, will be within the limits of table 3, and 6“ will be found 
as in the preceding example; and if B'= B — A, then b = ab; 


or if B. B + A, then b = - 


Cask 3. If As the firſt five figures (omitting the index) of a 
gen logarithm BY, be found in table 4: let a' be its number; and 
put A“ as an integer, and A the remaining figures of B, and X the 
complement of A to D/; d, d”, d“, the iſt, 2d, 3d differences of 


the numbers in the ſame line with a'; f d = 'XX+1: 
then the number 55 whoſe logarithm is B, will be 


70 — d Xx ATA to 12” 

11 E 30 places of figures nearly. 

54 d. — 2X7 X ATG Y to 20 | Rk 

bs 5 Given the logarithm B = o:00006,93311,37711,69929, to 
30 nd s its number to 20 places. Here A! = os. 

7 , = 993311,37711,69929 3 X = 0£106688,622883; X+1 = 1:056886 z 


= 23029,29742,21293z 4 = $3027152746 4% = 1,22100. 


Now 


2 — 8 . 1 1 <4 WO L 
— » +. : . 5 b a A 8 ; - "of AA the 
: 3 1 R y v * . . 2 
4 » 1 — — - 94 — I” b F 
W * a * "Y _ _— S— 
—— ny. 4 at AS — — qa - ” 


, Kaas SO ION . fr „1 
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Now i d x X+1 - - - 4341 

4˙ 5 ; - — - 530275274 

7 - ES - = Ss 

4 X - - — * - 177 233911 

a' 2 - — - 22029,29742,2119 

d AXT - - _23029,279bd,21j 

dl =IXfXA_ + - - 21488,93801,720 

a' - — loool, 381064, C404 3, 50 
And 5 5 . - 1 0015,95 35,8745 20% 


CASE 4. If the logarithm B do not come under one of the yr. 
ceding caſes. Put A for the logarithm in table 2, next leſs than} 
or next greater than the complement of B, and à its number; |: 
B'=B—A, or B'=B + A; and Ah the firſt five figures of I 
may be had in table 4, with @' its number; put A! as an integs 
and let A be the remaining figures of B'; X the complement of | 
to D'; 4, d', d, the iſt, 2d, 2d differences of the numbers in th 


ſame line with a; F=d"—34" Xx X + 1: then the number}, 
whoſe logaritùhm is B\, will be 


: ee 


— — 


places of figures 


ee 10 10 K home 


— 


„„ x A + a'Xa=ab'to I9 
Ex. Given B = 4:46372,*1172,07184,15204, to find þ its numbe 


Let A = 145239, 79978, 98986, 733. a * 10 
B'=B — A =5-00132,81193,08228,00471. A” = colzi 
A = 0*81193,08225,00471; = 0115806,91772 3 X + 1 = 118807; 
4 = 23096, 0835, 3458903 4 331,973 = 12247 
Now Ad X X+1 — - @ 48490 
d“ — - - - - $318145973 
f 1 h 2 — - 5318141123 
= 2 = f | $000,86401 
q — - — * — 23096, 208355340 
4. — IX / Do © 2 2096, 1 583444810 
d'—;Xf X A - - 185 52,48 204,057 
a - 10030, 44036097901 
3 - - — _10030,62788,50246,02.7 
37 = ©0'00029,05882,08665,7215901% 
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or, given B = 446372,61 172,07184,15204, to find 6. 
A = 


Let 25365 58442597 153091 1205. 1 344. 
B 2 BTA 1700028, 45597,787 14, 2649. A = 00028, 


= 0'45597,78714,26409z X = 0*54402,21286; X+1= 1*54402 3 
= 23040,96629,915213 4 '= $3054439034z 4% = 122163, 


Now a d'“, X X+1 — - 62874 
40 1 - = 8054739634 
:XFf - - 3 14431,31170 

d. 3 2 6 23040,00629,9152T 
fawn AF. + - = 23040,82198,70342 
d -A XF XA - - 10506, 10496, 55627 
40 — 2088524493781 
1433: 40000, 5843781008, 22908 
32 A = »___- 0:00029,08882,08665,72159,616 


OF THE TABLES FOR LOGARITHMS TO SIXTY- 
ONE PLACES. 


Theſe are tables 5 and 6, from page 203 to Page 207 ; the former 
ontaining the natural numbers in regular order from 1 to 100, and 
after that all the primes up to 1100, with their correſponding loga- 
thms to ſixty-one places of figures; and the latter in page 207 
ontains all numbers in order from 999980 to 1000020, with their 
ogarithms to ſixty-one places, as alſo the 1ſt, 2d, 3d, and 4th dif- 
ferences of theſe logarithms. And the uſe of theſe tables, in find- 
ing the logarithm to any number, or the number to any logarithm, 
ach to ſixty-one places of figures, will be as follows. | 


1. Any 


. 
: 
+43 
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Now + d'“ x « X+1 I - - - 4341 
gt £ Ie - — 33027, 52700 
3 - = Ws 5 yo $392759934 
JJJJ«ö;— vs 
4 5 — — DDD | 
d NX 8 4 = 23029, 2790, 8217 
df 1 X/ X A - 1 — 21488, 93801, 7200 
a - - _10001,35164,0494 3,574) 
And 6“ - - - 1'00015,965 35,8 7452,00 


CasE 4. If the logarithm B do not come under one of the yr. 
ceding caſes. Put A tor the logarithm in table 2, next leſs chan 
or next greater than the complement of B, and @ its number; 10 
BB — A, or B'=B + Az and A the firſt five figures of. 
may be had in table 45 with a its aer put A“ as an integer, 
and let A be the remaining figures of B'; X the complement of 4 
OD's 4, 67, d the iſt, 2d, 3d differences of the numders in th 


ſame line with SF 4s d"—3d4"X X +1: then the number}, 
whoſe logarithm is B., will be 


FEED 24-41 | 4 6 
: = places of figures 
d . X A + a" Xa = ab! to 2 
4 — CR XxX A + a Xa = ab'to 19 
Ex. Given B = 4546372, 1172, 7184, 15 204, to find þ its number 


Let A = 145239, 79978, 98985733. a = 29. 

B/ = B — A5 5*00132,81193,082 28,09471. A“ = ool}} 

A = 0*81193,0822%,00471; K = 011353060,91772; X + x = 1188073 
= 2300, 20835, 324580 4 = 53181,59733; = 12245) 

Now A d x X+1 10 = - - = 48 

— - — - - — 83181975 

TTT. NEE... WW 

2 X - - = $000,864! 

d' 5 — - 23096, 20835, 3459 

4 — EX — — 2096, 15 834,481 

d — 2 N X A 1 — 155752, 48 24,8% 

a - - _10030,44030, ©1906 3,909) 3390055 
50 - — — 10030, 62788, 50246, 82 15,87 1 
2 od = —< O00 29 88,856 572189561 
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Or, given B = 4.4637, 61172, 184, 15204, to find b. | 
Let A = 25365 5,84425,7 1530911205. a = 344- 


B'=B + A = 100028,45597,78714,26409. A” = 00028, 
88 „78714, 264093 X = o- 02, 21286; X+1= 154402; 
| 2 3587,8823)1211 7 . 25 = 8 +4 hy 

Now z d“, X X+1 — - 62874 

E N — = 8054739634 

8 - >...» 40181520 

d' 3 X — 23040,00029,9152T 

aL BF. = - 23040, 82198, 70342 

4 NF XA - - 10506, 10496, 55627 

| a' =- ,10006,44931,70511,6728r 

Þ =- = =» =- = _10006,55437,81008,22908 

b = 2 . -" = 0c-00029,08882,08665,72159,616 


OF THE TABLES FOR LOGARITHMS TO SIXTY- 
ONE PLACES. 


Theſe are tables 5 and 6, from page 203 to Page 207; the former 
containing the natural numbers in regular order from 1 to 100, and 


W after that all the primes up to 1100, with their correſponding loga- 


rithms to ſixty-one places of figures; and the latter in page 207 
contains all numbers in order from 999980 to 1000020, with their 


WF logarithms to ſixty-one places, as alſo the 1ſt, 2d, 3d, and 4th dif- 


terences of theſe logarithms. And the uſe of theſe tables, in find- 
ng the logarithm to any number, or the number to any logarithm, 
each to ſixty-one places of figures, will be as follows. 


1. Any 
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OF THE TABLE OF HYPERBOLIC LOGARITHMS. 


This is table 7, in pages 208 - - 211, which contain the ſeries 
of numbers 101, 102, 103, &c to looo, with their hyperbolic 
logarithms to ſeven places of figures. They are ſo called becauſe 
they ſquare the aſymptotic ſpaces of the * 4 3 
and they are very uſeful in finding fluents, and the ſums of infinite 
ſeries. The table, as well as the following rules, were firſt given at 
the end of Simpſon's fluxions, but they were rendered much more 
correct in the French edition of Gardiner's tables, printed at Avig- 
non in 1770, being very incorrect in the laſt figure in Simpſon's 
book. But both thoſe books are very erroneous in the example for 
finding logarithms by the table. 


1. When the given Number is between 1 and 10. 


From the given number ſubtra& the next leſs tabular number, 
divide the remainder by the ſaid tabular number increaſed by half 
the remainder z add the quotient to the logarithm of the ſaid tabu- 
lar number, and the ſum will be the logarithm of the number pro- 

led. 

7 To find the hyperbolic loga- = 
rithm of 3 45678. Here the next leſs 3*45339)-00678( 0019633 
number is 3*45, and its logarithm 12383742 
12383742, the remainder or dividend log. 12403375 
00678, its half 339, which joined to 

the tabular number 3*45 gives the diviſor: the quotient *0019633 
added to the tabular logarithm 12383742, gives 12403375 the re- 
quired logarithm of 3:45678. 
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2. When the given Number exceeds 10. 
\ 


Find the logarithm of the number as above, ſuppofing all the 
figures after the firſt to be decimals, then to that logarithm add 
2302585 1, or 46051702, or 69077553, &c, according as the given 
number contains 2, or 3, or 4, &c, places of integers. That is, 
add 2. 302 58 5092994 multiplied by the index of the power of 10, 
by which the given number was divided to bring it to one integer, 
or within the limits of the table. 

Ex. To find the hyperbolic logarithm of 345678. 

This number divided by 100 or 10), to bring it within 12403375 
wn Nes of the table, or removing the _ _ 46051702 
wo places, gives 345678, the logarithm of which as gcc 
above found i Eb 5, to which adding 4 6051702 W 
the hyperbolic logarithm of 100, the ſum is 5*8455077 the hyper- 
bolic logarithm required of 345-678. 

U 2 Note, 
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148 DESCRIPTION AND USE 


Note, The hyperbolic logarithm of any number may be alſo found 
from Briggs's logarithms, viz. multiplying Briggs's logarithm of 
the ſame number by the hyperbolic logarithm of 10, viz. 

Multiplying by - = 2:30258,50929,94045,08401,79914, 
Or dividing by its reciprocal 43429, 448 19,0325 1, 82765, 11289, 


OF THE LOGISTIC LOGARITHMS, 


Theſe are in table 8, pages 212 - - - 216, which contain the 
logiſtic logarithm of every ſecond as far as the firſt 80 or 48000, 

The logiſtic logarithm of any number of ſeconds, is the diffe- 
rence between the logarithm of 3600” and the logarithm of that 
number of ſeconds. 

The chief uſe of the table of logiſtic logarithms, is for the ready 
computing a proportional part in minutes and ſeconds, when two 
terms of the proportion are minutes and ſeconds, hours and minutes, 
or other numbers. 

When two terms of the proportion are common numbers, their 
common logarithms may be uſed inſtead of their logiſtic logarithms, 
putting the logarithm where its complement ſhould be, and the 


. contrary. 


1. To find the Logiſlic Logarithm of any Number of Minutes and $# 
conds, within the Limits of the Table. 


At the top of the table find the minutes, and in the ſame co- 
lumn, even with the ſeconds on the left-hand fide, is the logiſtic 
logarithm. 

Note, When hours are made any terms of the proportion, they 
are to be taken as if they were minutes, and the minutes of an hour 
as if they were ſeconds. 


2. To find the Logiſtic Logarithm sf any Number net exceeding 4800. 


In the 2d row next the top of the table find the number next lelb 
than that given, and in the ſame column, even with the difference 
on the left-hand fide, is found the logiſtic logarithm. 

When two given terms of the proportion are common numbers, 
one or both greater than 4800, take their halves, thirds, &c, in- 
ſtead of them. But when only one of the given terms is a common 
number, and that greater than 4800, take its half, third, &c, and 
multiply the 4th term by 2, 3, &c. 

The logiſtic logarithms in this table are all affirmative, as well 
above as below 60/7; but the index of thoſe above 60 is — 1; be- 
low GO down to 6/, the index is o; and below 67 the indices (be- 
ing either 1, 2, or 3) are expreſſed in the table. 


EXAMPLES: 
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Fe 


As 60 +, = lo. log. As 60 , « lo, log.] As 60 « « Io. log. 
To 46' 12” %135 To 78 24” . , 18836|To 1531 K. ©3713 
80 8 * . 0*8688 80 13 53 8 o*O357 80 40 12 6 O*'1 135 
To 6 15 . 0O'g8B23/To18 9 .. 6193/ To 17 4848 


y 
. 


As 46 12 c. 1.8865 A8 78” 2) co. o. 1164 A8 40” 12* co. 18865 
To o © . . ©'0000/To60 © . . owwooo[Toiing , . 04848 
80 6 15 « © o. 9823 80 18 9 . # 0 ˙5193 So 60 "4 * « ©0000 
To 8 75 . . 08688 To 13 53. 0'6357|To 1531 . 043713 


As 60” . co. 0*0000 [Ag 240 . . co, 1*6021]As 24” , co. 1'602r 
To 4721 * . 1*8823 To 46 117 WM 071137 To 76 55 — 1˙8 1 
80 37 28” 0.2045 80 8 7 . . 0.868880 5 7 . dies 
To 2948. + 0868 To 15 37” . « $846|Togy 175” « 01319 


As 4721 » . co. 0'1177 As 46 11 co. 7·8863 As 56· 30. Co. 51059 
To G0 . , o. ooοο O24 . . . 3979 To 24% . . 3979 
b 29048. . 0086880 15 37 . 084680 44 17 01319 
10 37 28062045 TO B 77 08588 To 19 33 8657 


4 
; 


The logiſtic logarithms may conveniently be uſed in trigonome- 
ical operations, when two of the terms are ſmall arcs, with the 
logarithmic ſines or tangents of other ares: obſerving, that inſtead 
of the logarithmic ſine or tangent, to take the complement of their 
ogiſtie logarithm z and the contrary. 

But this may be as readily and more naturally done by the loga- 
thmic ſines and tangents themſelves of ſuch fmall arcs, as takeri 
from the next following table of ſines and tangents for every ſecond 
ol the firſt 2 or 1200 | 


OF THE LOGARITHMIC SINES AND TANGENTS TO 
EVERY SECOND. 


Table 9, pages 218 - - 247, contains the log. fines and tan- 
zents for every ſingle ſecond of the firſt 2 degrees of the quadrant z 
the fines being placed on the left-hand pages, and tangents on the 
icht. The degrees and minutes are placed at the top of the co- 
lumns, and the ſeconds on the left-hand ſide, of each page, the 
logarithmic ſine or tangent being found in the common angle of 
meeting. o of 152 54” the log. fine is 8˙5 163420, and the log. 
angent 8*5165762-, | | SE = 

The ſame numbers are alſo the coſines and cotangents of the laſt 
2 degrees of the quadrant, thoſe degrees with their minutes being 
Placed at the bottom of the columns, and their ſeconds aſcending 


ON 
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on the right-hand fide of the pages. So the coſine of 880 6%; 
8˙5 163420, and its cotangent 8˙5 165762. . 

When it is required to find the ſine or tangent &c. to 3ds &c, 
any other fractional part of a ſecond, ſubtraQ the tabular fine q 
tangent of the complete ſeconds from the next to it in the table, 
and take the like proportional part of the difference; which pm 
added to, or taken from, the ſaid tabular ſine or tangent, accord. 
ing as it is increafing or decreaſing, will give the fine of tangent 
required. 


Ex. To find the log. fine of 1*52'54" 25” or 1 52 54“ 35 ors 


Here the fine of 1 52' 54” 1 52 54” fine 8516344 
taken from the next leaves I 52 $5 «+ + + 841640 
641, which multiplied by 5 dit. 64 
and divided by 12, or multi- 
plied by 25 and divided by | 120550 
Go, gives 267 the pro. part; pro. part 27 
this added to the firſt ſine gives 1 52” 54” 8.51631 


that which was required. 1 52” 54” 25” Fer 

On the contrary, if a ſine or tangent be given, to find the x: 
reſponding arc; take the difference between it and the next leſs t 
bular number, and the difference between the next leſs and greate 
tabular numbers, ſo ſhall the leſs difference be the numerator, and 
the greater the denominator, of the fractional part to be added 9 
the arc of the leſs tabular number; which fraction may alſo, if . 
quired, be either turned into a decimal, or into 3ds &c. by mull 
plying the numerator by 60, and dividing by the denominator. 


Ex. To find the arc whoſe fine is 8*5163900. 


Finding the number is between the 10 .,, ..- _ . _ g.c16akt 
fines of 1* 527 $5” and 1* 52 54 7x * 44 ES 8.51300 
take the differences between the ſines 1 52 54 45 8516305 
as in the margin, and the differences diff. 55 
give 347 for the fraction of a ſecond, diff. . ba 
or += nearly, which abbreviates to 


4. 


＋ = 45%; and therefore the arc ſought is 1 52' 54” 45 


Where the 1ſt differences of the ſines and tangents alter much 
as near the beginning of the table, the 2d, 3d, &c. differences mi 
be taken in, and then the logarithmic ſine or tangent will be expreſſed 
by this ſeries, viz. 

X—1T1 * —2 


, X—T | — . 
Q=A+:xD +x. nn he Lo ras, or nearly A + D*—iD 
where A is the next leſs tabular logarithm, D D; D“, &e, th 


1ſt, zd, 3d, &c. differences of the tabular logarithms, and * the 
fractional part of the arc over the complete ſeconds. ki 
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755 


Jo find the log. tangent of 5" 1 12 24. or 5" 1 fs or 57 1“ 206. 
* Tang. Here A= 164141); x=7553 D 14404 


ö 1 70 . D* EY 1 4 — — 8. H f 
50 -- 71626964 14453)? and the mean 2d hy * 5 Ben 1270 
0 5 1 9 80 4 8 7 14404 49 D* 1 0 
ble, 52 71655821 14357 47 -w 977 
ol; 3 -- 71670178“ | 4 — WW. 4 


$447 


Therefore the tangent of 5” 1” 127” 2477” - "71644398 


And on the other hand, when the fine or tangent is given, and 
falls near the beginning of the table, from the ſame ſeries we may 
find x the fractional part of a ſecond. For ſuppoſe it be required 
to find the arc whoſe tangent is 71644398. This falling between 
the tangents of 5'1” and 5 2 take the differences &c, as above, 

| lp ad 
and the ſeries gives 7*1644398 = 71641417 + x D x. - * 
or 2981 = 14404 — 24 x*—x, or — 24 * + 14428 x = 29813 
which gives x = 2067 nearly = 12“ 24% Therefore the arc 
required is 5'1” 12” 24”. Or rather the approximate value A + 


1 1 1 Q=A.. = aw — 2 2998 ba. 
Z 18” 


200), the ſame as before. 


OF THE TABLE OF NATURAL AND LOGARITHMIC 
SINES, 'TANGENTS, &c. 


Table 10, page 248 - - - - 337, contains all the ſines, tangents, 
ſecants, and verſed fines, both natural and logarithmic, to every 
minute of the quadrant, the degrees at top, and minutes deſcendin 


and from thence returning with the degrees at the bottom, and the 
minutes aſcending by the right-hand fide to 90, or the other half 
of the quadrant, in fack ſort that any arc on the one fide 1s on the 
ſame line with its complement on the other fide ; the reſpective 
ines, coſines, tangents, cotangents, &c, being on the ſame line 
with the minutes, and in the columns ſigned with their reſpective 
names, at top when the degrees are at top, but at the bottom when 
the degrees are at the bottom. The natural fines, tangents, &c, 
are placed all together on the left-hand pages, and the logarithmic 
ones all together, facing them, on the right-hand 2 Alſo in 
the naturals there are two columns of common differences, and in 
the logarithmic 3 columns of common differences, each column 
of diſferences being placed between the two columns of numbers 
having the ſame differences; ſo that theſe differences ſerve for 
both cheir right-hand and left-hand adjacent columns: alſo each 


whoſe difference it s. The numbers on the ſame line in thoſe co- 
lurans having ſuch common differences, are mutually compleinents 


down the left-hand fide as far as 459, or the middle of the quadrant, 


diſterential number is ſet oppoſite the ſpace between the numbers 


of 
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of each other; ſo that the ſum of the decimal figures of any tuo 
ſuch numbers, is always 1 integer, with o in each place of dec. 
mals. 

All this will be evident by inſpecting one page of each ſort, 3 
Tell as the method of taking out the ſine, &c, to any degrees and 
complete minutes. It is however to be obſerved, that in all the 
log. fines, tangents, &c, and in ſuch of the natural as have any 
ſignificant figure for their index or characteriſtic, the indices are 
expreſſed in the table, and the ſeparating point is placed between 
the index and the decimal part of the number; but in ſeveral co. 
lumns of the natural ines, &c, having o for their integer or index, 
both the index and decimal ſeparating point are omitted: and where. 
ever this is the caſe, it is to be underſtood that all the figures in ſuch 
columns are decimals, wanting before them only the ſeparating 

oint and index 0. | 

'The fine, tangent, or ſecant of any arc, has the fame value, 
is expreſſed by the ſame number, as the fine, tangent, or ſecant of 
the ſupplement of that arc; for which reaſon the tables are carried 
only to a quadrant or 90 degrees. So that when an arc is greater 
than 9go?, ſubtract it from 180?, and take the fine, tang. or ſecant of 
the remainder, for that of the arc given. But this property does not 
take place between the verſed fines of arcs and their ſupplements: 
and to find the verſed fine of an arc greater than oe, proceed thus: 
in the natural verſed fines, to radius add the natural coſine, the ſum 
will be the natural verſed fine; and in the log. verſed fines, add 
©'3010300 to twice the log. fine of half the arc, the ſum, abatmg 
radius 10*00000co, will be the log. verſed fine required, 


1. Given any Arc; to find its Sine, Cofine, Tangent, &c. 


Seek the degrees at the top or bottom, and the minutes reſpec: 
tively on the left or right, and on the ſame line with theſe is the 
fine, &c, each in its proper column, the title being at the top ot 
bottom, according as the degrees are. 

But when the given arc contains any parts of a minute, interme- 
diate to thoſe found in the table : take the difference between the 
tabular fines, &c, of the given degrees and minutes, and of the mi- 
nute next greater; then take the proportional part of that difference 
for the parts of the minute, and add it to the ſine, tangent, ſecant, 
and verſed fine, or ſubtract it from the coſine, cotangent, coſecant, 
or coverſed fine, of the given degrees and minutes; ſo ſhall the ſum 

or remainder be the fine, &c, required. 8 

Nete, The proportional part is found thus, as 1“ is to the gen 
intermediate part of a minute, ſo is the whole difference to the pro- 
portional part required; which therefore is found by multiplying 
the difference by the ſaid intermediate part. Alſo that intermediate 
part may be expreſſed either by a vulgar fraction, or decimal, or à 


ſexageſimal in ſeconds, thirds, &c, and the fraction or 1 
m 


1 R : | es nnn mem me. <6 _ | — 1 
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be firſt reduced to a decimal, if it be thought better ſo to do, 
V dividing thE numerator of the fraction by the denominator, or by 
hiding the ſexageſimal by 60. 


SES AMP L'E-5 


1. To find the natural fine of 2. To * the natural tangent of 
10 487 28 1 1 | O 9 10“ 24 . 
In the column of difference between 8® 19” tang. -+ = 1435084 
e natural fines of 19 487 and 19 49 | 6 = < ˙· . 442508 
the difference 2907; and 28 12 | diff. 2969 
ing = 28 ˙2 = *47 therefore as| 8 n 
; 2907 :: 47: the pro. part + 1366 F ALL 10" 24" 1 8 17 5 * 
which add fin 19 45 60314108 5 2 3 np 820 
8317474 N ie 


akes fin. of 148 28 12 0315474 
„To find the nat. coverſed fine of|4. To find the logarithmic coſine of 
4 67 1 40 69 g” 42”, 


;2992 (tab. dif.) 195 7 8 71 


5" 40% : pro. part = 
4* & coverſ,, = 9288026 


46'57 40” 9284752 
To find the log. ſec. of 2 127 . 8 To find the logarithm cotangent of 


| 
: 136 (tab. dif.) ::) 2: pr. pt. 95 
| 6 & coſine «+ 99975669 
6* 8' 427 = = 99974914 


. 39% 14” 20 

160 tab.dif, ::>== 50”; pr. pt. +133 1 2581 tab. af. :: 208 531 
1 : pro. part 

399 4/ cotan, =- 190995978 


39* 4 12” 20“ 1040905447 


7 12' ſecant « 1040034381 


7 12 go” - « 1040034514] 


The foregoing method of finding the proportional part of the ta- 
ular difference to be added or ſubtracted, by one fingle propor- 
Ion, is only true when thoſe differences are nearly equal, and may 
0 for all except for the tangents and ſecants of large arcs near 
he end of the quadrant in the natural fines, &c, and in the log. 
des, &c, except the fines and verſed fines of ſmall arcs, the tan- 
ents of both large and ſmall arcs, and the ſecants of large arcs. 
ind when much accuracy is required, theſe excepted parts may be 
und by the ſeries uſed in the laſt article, viz. Q = A + x D + 


r r 1 ee | 
—- D" + x. —. D“ &c. or = A + D- 4 D' & near- 


; where A is the tabular number for the degrees and minutes, 
% D/, &c. the iſt, 2d, zd, &c. tabular differences, and & 
be fractional part over the complete minutes, & e; at leaſt it may 
e proper to find the tang. and ſecants of very large arcs from this 
nes; but as to the log. fines, verſed ſines, and tangents of ſmall 
cs, they may alſo be found, perhaps eafier, from their correſpond- 
"> natural ones, viz. find the natural ſine, verſed fine, or tangent 


X of 
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of the given ſmall arc, and then find the log. of ſuch natural number 
by the ſt or large table of logarithms, which will be the log. fine, 
&c, required. And the log. tangent and ſecant of large arcs wil 
be alſo found by taking the difference between 20 and their log. 


cotangent and coſine reſpectively. 


and ſecants of large arcs may alto be found by firſt finding their log. 
tangent and ſecant, and then finding the correſponding number. 


| E\X A M 
1. To find the logs fine of 19 48/287 12%. 


The natural fine, found in Ex. 1. above, is 
*0315474 and the log. of this is 8*4989636 
the log. fine required. 


3. To find the log. tang. of 2® 23/ 23// 36%. 
29 23/ its nat. tan. 0416210 

1: 2914 tab. dif.:: *56/= 33“ 36): + 1632 
20 230 33/! 36% nat. tan. 0417842 

Its log. 2 23 33 36 log. tan. 86210121 


5+ To find the log. ſec. of 889 11/31“ 49, 


Its complement is — 1 48 28 12 
Its log. fine in Ex. 1. is 84989636 
Which taken from - 20*0000000 


Leaves l. ſec. 88 117031“ 48/7 1155010364 


| 


_ „ 8 ä th... „ * 1 * „ _ * 


And laſtly, the natural tangenty 


F 1 KM 
2. To find the log. vers. of 1048/20 


19 48/ nat. vers. 3 ©0 
1: 92 tab. dif.:: 47 28 120, 4 
1548 / 28// 12// nat. vers. *x 
Its log. 1 45 28 12 log. vers. « 66 


4. To find the log. tang. of 8 30020 
Its complement 1s 2 23 93 
Whoſe log. tang, in Ex. 3. is $2 
Taken from 5 20˙000 


Leaves log. tan. 80 36! 267! 24/ 113 


6. To find the nat. ſec, of 880 11% 3106 


EIS 

28150 DW 
— 10 1587786569160 % 
88 12 3836225 7438 5459 
88 1332133663. 9 | 


Hence A = 31*544246; D/ S 29191 
D// = 5310; the mean D//! = 146; 


— 
— —— —„ —³ 


In the 6th example the natural ſecant is 
found by the differential ſeries robe 31698339. 
But by taking the number to the logarithm 


of it, as found in the 5th example, it is|- 


3:*698333; which ſeems to be the more ac- 
curate, as well as the cafier way; and indeed 
this method by the ſeries, ſeems to be, in 
ſome inſtunces, more troubleſome, and leſs 
accurate, than finding the ſecant by dividing 
1 by the coſiue. 


, XK—T 


hee” : = 06125. 

Then K -- | - ». » Wh 
x D/ Ss ie ea ee Lo cs 
4, == 1 — - 
Ce SS oe 

2 3 


| 


2.0 
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2. Given any Sine, Tangent, Oc, to find its Arc. 


Eh Take the difference between the next leſs and greater tabular 
5 numbers of the ſame kind, and the difference between the given 


number and the ſaid next leſs or next greater tabular number, ac- 
cording as the given number is a fine, tangent, &c, or a coſine, 
cotangent, &c, noting its degrees and minutes; then the two dif- 
ferences will be the terms of a vulgar fraction of a minute, to be 
added to thoſe minutes, to give the arc required. 

And this vulgar fraction may alſo, if required, be reduced to a 
decimal by dividing the leſs or numerator by the denominator, or 
brought to ſexageſimals, by multiplying by 60, &c. Alſo where 
the te bular differences are printed, the ſubtraction of the leſs tabula. 
number from the greater is ſaved. 


EX AM 7 L608 


2. To find the arc to natural tang. 
1432630. 


1. To find the are to the natural ſine 
315474. 


Anſ. 10 48 28” 12” 0315474 Next greater = 1435084 
Subtr. 1 48, next leſs 0314108 [Anſ. 809“ 10% 24“ 1432620 
od 135⁵⁵ Next leſs, ſubt. fr. each 1432115 
1 515 
F Tab. diff, - 2907)81950 (280 0 
8814 Tab. difference 2969) 30900( 10 
23820 | 29690 
23256 1210 
ps. 3 
b; 2907) 33540(12” 593 
| 13220 


| 


3. To find the arc to logarithm coſine 


9997497 4+ 
69 „ 9˙ 99750599 
| Anſwer 6 8/42 9 9974974 


95 
60 
Tab. difference 1360570042“ 
544 
260 


| 


4. To find the arc to logarithm cot. 
100905 447. 

10*0905978 

Anſ. 39% 4' 12” 20/1/1040905447 


531 
60 


Tab. difference 2 581)3186c(12” 
2581 


o 47 


2581) 53280(26"' 
5162 
1660 


The 
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The above method of proportioning by the firſt difference alone, 
be true when the other differences are nothing, or yery 
ſmall ; but other means muſt be uſed when they are large, viz. for 
the natural tangents and ſecants of very large arcs; and for the lo- 
garithmic fines, and verſed fines of ſmall arcs, alſo the log. ſecantz 
of large arcs, with the log. tangents and cotangents both of ſmall 
When the log. ſine, verſed ſine, or tangent of 

P the table of logarithms find the cor. 
reſponding natural number, and then the arc aniwering to it in the 
But when the log. tangent or ſecant of 
a large arc is propoſed, ſubtract it from 20, the remainder is the 
log. cotangent or coſine, which will be the log. tangent or ſine of 
ſmall arc which is the complement of that required, which comple 
ment will be found as in the laſt remark, by taking the correſpond. 
ing natural number, and finding it in the natural tangents or fines; 
then ſubtracting that complemental arc from go?, leaves the required 
large arc anſwering to the propoſed log. tangent or ſecant. And 
when the natural tangent or ſecant of a large arc is propoſed, change 
it into the log. tangent or ſecant of the ſame, by taking the log. of 
the propoſed natur- number; then proceed with it as above in the 
laſt remark.—Or, what relates to the log. fines and tangents of ſmail 
arcs, or coſines and cotangents of large ones, will be beſt performed 
by the toregoing table for every fecond of the firlt 2 degrees, 


can onl 


and large arcs. 
ſmall arc 1s given, by means 0 


table of natural fines, &c. 


E--AAM EZ L-£ 


1. To find the arc to natural tangent 2. To find the are to natural ſecant 


50*0000990. 
20*COOOOCDO 

Given 5510000000 its log. 1 ο 
853010 30 


92 — - — - - 


Given 31·698] its log. 


0107830 nat. tan. of 19 87 | 


2170 l 


0.5 
N 1 75 
291090 13029064 


1164 | 


by 


o * 0 * W 
18 44 44 | 


Hence from 
Take the comp, = 


Hence from - — 
Take the comp. 


Leaves arc required 88 51 15 16 


310983333» 
25*0000009 
11*c01026; 


*0315474 = 8.498903 
0314108 nat. ſine of 148 
— 1388 

60 


8 er 
2907) 19500028 


90· 5 * * 
1 48 20 12 Bl: 


Leaves arc required 88 11 31 48 I 


TRIGONO- 


— P * — 


TRIGONOMETRICAL RULES. 


INa right-lined triangle, whoſe ſides are 4, B, c, and their oppoſite 
angles a, ö, c; having given any three of theſe, of which one is a 


de; to find the reſt, 


Pt s for the ſine, s the coſine, t the tangent, and t' the cotangent of an arch or 
angle, to the radius 7; alſo L for a logarithm, and 1! its arithmetical comple- 


Then 


ment, 


aſe 1, When three ſides a, B, c, are 
given. 


put p = 1. a +B+c or ſemiperimeter. 
P—=AXP—B 


— 
116 . 


Ko 
nd s 21 cr 9 . 

L.s.4c=4(L. ATT. pare L AL 2). 

s.4c=2+4(L, er. r—c+L!a+L's). 
Note, When a=», then 


C 2 
2 hy, And err, 


a> — 2.0 


A* 


Caſe 2. Given two ſides A, B, and 
their included angle c. 


AB 


Put =90% Lc, and t. d t. s 


then a 8 d; and b =s — d. Aud 
=\/ B+ 
rr 


__ 
1 428. * 


Or in logarithms, putting . Q= 
21. AB, and | R 8 Ls 2A > L, 23 


+21, 8. 20 - 20, ] 


de Tall have L. c = + L. Q+ Reo 


If the angle c be right, or = go; 


| A B 
then t. a = r; t. b=—r; 
B A 


7 * — — 
C=—A, or =—B, or = . 
8.4 


8.6 
If a=B; we ſhall have I. s. Ic 
a =b O- Ac, and 4 - IPs 


Caſe 3. When a fide and its oppoſite 
angle are among the terms given. 


Then = 3 - from which 
. 


equations any term wanted may be 
found. 


When an angle, as a, is 90%, and A and 
c are given, then 
— 4 2 — 2 — 4. — . 
B=a/A* — C Ar C 


| — 


And L. B = + (Le A+c+L AC), 


Note, When two ſides A, B, and an 
angle @ oppoſite to one of them, are 
given; if A be leſs than B, then 6, c, 
c have cach two values; otherwiſe, only 
one value, 


153 


II. In a ſpheric triangle, whoſe three ſides are 4, n, c, and their oppoſy 
angles a, b, cx any three of theſe ſix terms being given, to find 9 


reſt. 


Cale 1. Given the three ſides 4, B, o. 


Calling 2» the perim. or Y. A+B+C. 


— 
Then s. c r 


| 


8. PoAXS, Þ —B 
e 
— pts Arne 
8 er . 
And s“ 2 * 8. AX s. B 


1. s. c= 3(L. s. -A L. s. TF K ET. ATL B. ) 
. s c (1.8. 1 ＋ 1. s. Fc LS. AL . 8). 
And the ſame for the other angles. 


Caſe 2. Given the three angles. 
Put þ6=a+6b+:c. Then 


S % 8 pÞ—C 


Sn rr And 
x S PAN s- 
A : 


L.5.1c=I1..$%+L %%p—-cÞ&Ls.0+14.5) 
L. s 'Ic=I(L.'p—a +L.s >—b+1%,a+L%8) 
And the ſame for the other ſides, 

Note. The ſign & ſignifies greater than, 
and leſs; alſo ꝙ the difference. 


Caſe 3. Given A, B, and included an- 
gle c. 

To find an angle a oppoſite the fide a, 

let: S:: t. A: t. N, like or unlike a, 

as e is ꝙ or 2 90; alſo x BHM: 

ten s. N: s. M:: t. c: t. a, like or un- 

like c as M is > Or 2 B. 

Or let s. 4. AT:. A2 n:: tc: t. My 

which 18 oro as A+B1s Ore | 802; 

and s. 1. AB: 8. Ach B:: t/ ic: t. , 908. 

then a = MTN; and I = Mx. 
Again let v: s:: t. A: t. u, like or 


unlike A as e is > or < 90; and 
N= BAM, 
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zZdͤly. Let : Sa:: t. B: t. M, like or u 


Then 8“ M: & W 84 „s“ c, likeg 
unlike as c is 7 or £4 909. Or, 


s. AX B. ZX SD A 
5. Ic V — Fg 0. 


1 WY 
In logarithms, put L. Q =2L. 8.4 171 
and L. KR =Le 8. AT I. s. B + 2. 


20-20; then L. s. 1 c EL. Q+, 


Caſe 4. Given a, b, and included fide 
Firſt, let : 8c :: t. 4: tm, like or u 
like à as C 18 > or < 909 alſo 2 
Then sn:8m::t.c : t. A, like oru 
like as à is > or A 900. 
Or, let s Z :S . a b:: t. Z ot. 
Sor < 90 as 4 ＋6 is > or 18053 
and s. 3a f: 8. 4 4 b:: t. 20 ft. x, 
then Aa=Mm+xN ; and B=MFN, 
Again, let : 8c :: t. a: tm, liked 
unlike à as c is > or 4 o; 
and z=b m: | 
then 8. 2. : 8.7. :: S4: Sc, like or uni 
a as mn is > Or G. 


Caſe 5, Given A, B, and an oppolit 
angle a. 

1ſt. s. A: 8. 4 :: 8. B: 8. , & or 890, 

2nd, Let : S B:: t. a: tim, like orunlik 

B as à is > or e 

and t. A: t. B :: 8: 8 u, like or unlik 
A as a 18 > Or r 9e; 

then c E, two values alſo, 


like B as à is > or r O 
and s B: S A:: S M: SN, like or unukl 
A as a is > or 2 oO: 

then c = m+x, two values alſo. 

But if a be equal to B, or to its fi 

plement, or between n and its ſuppl 
ment; then is & like to B: alſo 1s 

mn, and o MAN, as B is like 0 

unlike #. 


Cs 


ie 6, Given a, b, and an oppolite 
ſide A. 


1.8. 4.: 8. A :: 8. : 8. B, > or 2 900. 
d. Let r: 8 :: t. A: t. M, like or un- 
like bas A is > or 9; 

dt. 4: t. b :: 8. M: 8s. N, > Or 90: 
en SMN, as a is like or unlike 3. 
Ir, Let 7: 8.4 :: t. 5: Um like or un- 

like 5 as A > or 2 9; 

nd s: 8s“ :: 8. : 8. n, or 2 902: 
en e = m En, as is like or unlike 5. 


But if a be equal to B, or to its ſupple- 
ent, or between B and its ſupplement ; 
en B is unlike &, and only the leſs va- 
es of N, 2, are poſſible. 


Note, When two ſides 4, B, and their 
polite angles @, ö, are known; the 
ind fide c, and its oppoſite angle c, are 
alily found thus: 
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III. In a right-angled ſpheric trian- 
gle, where H is the hypotenuſe, or fide 
oppoſite the right angle, B, v the other 
two fides, * b, p their oppoſite an- 
gles; any two of theſe five terms bein 
given, to find the reſt ; the caſes, with 
their ſolutions, are as in the following 
table, | 

The fame table will alſo ſerve for the 
quadrantal tnangle, or that which has 
one fide = 929, M being the angle op- 
polite that fide, B, r the other two an- 

les, and 6, 5 their oppoſite ſides : ob- 
* inſtead of to take its ſupple- 
ment: and mutually change the terms 


— {ike and wnlike for each other where u 
1 „ Ix g 
5 ALE bg. 4 TE t. à An t. 2c. is concerned. 
1 A%½ B: 8. 4. AT B:: t. 2. aο r t. Ic. 
de Given Req! „„ 3 5 7 7 7 7 0 N Sy 8 
„ s. n 7 65 : 8.6, and is like 5 had 
pr zen: t. s %, = 5 12 | 
eie. 1 21 8 A Nora 90s as H is like or onlike 8 
_— B T7 :8M;: 8.3 : S., like 6b 5 8 85 py 
3 Pj 7 :866::tH: t. r | oy . 
| r nn bers | = 7 x 92" 04.106 like or wnlite F 
| | 3-0-2: #23 d-B3 6 „ 
} |x| r ;t.B:i:th 6.7 f, each ꝓ or 4 go?; both values true 
ES SECT. : 86: 8p | | _ FE 
z | | 7 :t'B:: 8p: th, or 4 90% as Bus like or unlike 7 
4 er im : 060, like B 
Lern. top: t. , like : > 5 
| H] r :8B:;8P; 8 , or <& 90% as B is like or unlike ? 
»> | 6] r :82;;t'B;: 176, like n 
L 
þ burt: ty: su, ore go? as 6 is like or unlike p 
; 1 B{\ 6024 11 809; ©; ukes | 
PP K-36 350 St 3 ans. 


— ——  — ——— — —— — _ 


P — — — — 


— x wk. 4&4 


7 ns e—_—_—_—_—_—— 


- mane” —— — — 
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The following Propoſitions and Remarks, concerning Spherical 
Triangles, (ſelected and communicated by the Reverend Neyil 
Maſkelyne, p. Db. Aſtronomer Royal, F. R. s.) will alſo render the 
Calculation of them perſpicuous, and free from Ambiguity. 


& 1, A ſpherical triangle is equi- 
lateral, iſoſcelar, or ſcalene, accord- 
ing as it has its three angles all equal, 
or two of them equal, or all three 
unequal ; and vice verſa. 

2. The greateſt fide is always op- 
polite the greateſt angle, and the 
ſmalleſt ſide oppoſite the ſmalleſt 
angle, 

3. Any two ſides taken together, 
are greater than the third. 

4+ If the three angles are all acute, 
or all right, or all obtuſe ; the three 
fides will be, accordingly, all Jeſs than 
90, or equal to 9o®, or greater than 
90; and vice verſa. 

5. If from 
the three an. 
gles 4, , c, 
of a triangle 
ABC, as poles, 
there be de- 
ſcribed, upon 
the ſurface of 
the ſphere, three arches of a great 
circle DE, DF, FE, forming by their 
interſections a new ſpherical triangle 
DEF ; each fide of the new triangle 


will be the ſupplement of the angle 


2dly, The ſides including 


at its pole; and each angle of the 
ſame triangle, will be the ſupplement 
of the ſide oppoſite to it in the trian- 
gle ABC, 

6. In any tri- c 
angle AB c, or 
Abc, right an- 
= in A, itt, 

he angles at the 
hypotenuſe are al- 
ways of the ſame C 
kind as their op- _ 
poſite ſides; 2dly, The hypotenuſe is 
leſs or greater than a quadrant, ac- 
cording as the ſides including the 
right angle are of the ſame or diffe- 
rent kinds; that is to ſay, according 
as theſe ſame ſides are either both 
acute or both obtuſe, or as one 1s 
acute and the other obtuſe. And, 
vice verſa, iſt, The ſides including 
the right angle, are always of the 
ſame kind as their oppoſite angles: 
the right 
angle will be of the ſame or different 
kinds, according as the hypotenuſe is 
leſs or more than 909; but one at 
leaſt of them will be of 900, if the 
hypotenuſe is ſo,” 


THE CASES OF PLANE TRIANGLES RESOLVED BY 
LOGARITHMS. 


N this and the following ſolutions 
of ſpherical triangles, it is to be 
obſerved, that when we ſay the fine, 
tangent, & c. we mean the logarithmic 
ne, tangent, &c, as found by the 
able, 


C 


D 


op, I, Having the angles, and one 


fide; to find either of the other fades. 


Add the logarithm of the given ſide 
o the fine of the angle oppoſite to the 
Ide required, and From the ſum ſub- 
att the fine of the angle oppoſed to 
e giren fide 3 the remainder will be 
e logarithm of the ſide required. 
Example, In the triangle Bcp, hav- 
bs the angle cpo go, CBD 51 5, 
cb 580 4”, and the fide BD 197*3; to 
ud the fide CD. ; 


2951271 log. of 197*3 

9'8961 369 fin. of 5 15 56/ 
121912640 ſum 

37899580 in, of 38-4 

?'4012760 log. 2519278 cb req, 


r you may add the complement of 
ene of the angle oppoſed to the 
en fide, to the two other logarithms, 
le ſum, (abating radius) 1s the loga- 
um of the fide required; as ſhewn 
ut. 3, of Log. Arith. And it is to 

ſerved, that the complements of 
mes in the table are to be found 
| due columns of the coſecants: for 
E ng over the firſt unit) the coſe- 


Prop. II. 


- 


cants of the ſame arcs are the com- 
plements of the ſame fines, Allo the 
complements of the tangents, are the 
cotangents. 
Example, The fine of 389 47 being 
9*7899880, the coſecant of 389 4” is 
10˙2 100120, which (omitting the firſt 
unit) is the complement of the ſaid 
{me. | 


©*'2 100120 co. of fin. 389 4/ 

2*2951271 log. of 197˙3 

9'8-;61369 fin. of 5 1 56” 

24912760 log. 2519278, as bef. 

But if one ſide and the angles of a 
right-angled triangle be known, and 
you would have the other ſide, as in 
the former example, the operation will 
be eater, thus: 

Add the tangent of the angle oppo- 
ſite to the fide required, to the loga- 
rithm of the given fide, the ſum (abat- 
ing radius) is the logarithm of the ſide 
required. 


10 1061489 tang. * 967 
22951271 log. of 197˙3 
2*4012 760 log. 25 1˙9278 as bef, 


Having two fides, and an 
angle oppoſite to one of them; to find 
the other two angles, and the third 


fide. 


Add the ſine of the angle given, to 
the logarithm: of the ſide adjoining 
that angle, and from the ſum ſubtract 
the logarithm of the ſide oppoſite to 
that angle, or add its ar. com. the 
remainder or ſum will be the fine of 
the angle oppoſite to the adjoining 
fide. 

Example. In the triangle A Bc, 
having the fide ac $00, BC 320, ow 

e 
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the angle anc 1280 4 ; to find the 
angles BAC, ACB, and the fide AB. 


70969100 ar. com. log. 800. 
2*50;1500 log. of 320. 
9.896 1369 fin. 1285 4 


0498 1969 ſin. 18 21 Bae. 


Having Bac and Azc, the angle 
Ac is their complement to 180% viz. 
339357; and you may find the fide AB 
by the firſt propoſition. 


Prop. III. Having two fides, and the 
angle between them; to find the other 
two angles, and the third fide. 


If the angle included be a right 
angle, add the radius to the logarithm 
of the leſs fide, and from the ſum 
ſubtra& the logarithm of the greater 
ſide, or add its ar, com, the remainder 
or {um will be the tangent of the angle. 
oppoſed to the leſs ſide. 


Example. In the triangle 3p, hav- 
ing the; fide BE 10/3, and cp 251%9; 


to find the angles BCD, CBD, and the 


| fide cB. 
75987728 ar. com. log. 2519 
I2*2951271 rad. + log. 197'3 
9*3938989 tan. 382 4/ Bc, 
But if the angle included be ob- 
lique; add the logarithm of the dif- 


ference of the given ſides to the tan- 
gent of half the ſum of the unknown 


angles, and from the ſum ſubtract the 


logarithm of the ſum of the given fides, 
or add its complement ; the remainder 
or ſum will be the tangent of half their 
difference. 


Example. In the triangle asc, hav- 
ing the fide AB 562, Bc 320, and 
the angle Az 1282 4/; to find the an- 
gles BAC, ACB, and the fide ac, 


The um of the given ſides is 897, 
and the difference 242, the half fan 
of the unknown angles is 25® 58, 

79545314 com. log. 882 

23838 154 log. of 242 

96875402 tang. 259 58” _ 

912 58850 tang, 7 37 
28 88 
Angle es 33 35 ſum, 
Angle ca? 18 21 dif, 


Theſe 7 35” being added to 2;? 
53” the half ſum of the angles un. 
known, the ſum is 33® 35/ for the 
greater angle Ac; and the ſame ; 
37 being ſubtracted from 252 58, the 
remainder is 189217 for the leſſer a. 
gle AB. Laſtly, knowing the angles 
and two fides, the third fide may be 
found by the firſt propoſition. 


Prop. IV. Having the three ſides; . 
find any angle, 

Add the three ſides together, and 
take half the ſum, and the differences 
betwixt the half ſum and each fide: 
then add the complements of the Iv 
garithms of the half-ſum, and of the 
difference between the half-ſum aid 
the ſide oppoſite to the angle ſouglt 
to the logarithms of the differences 
the half-fam and the other ſides; ha 
their ſum will be the tangent of hal 
the angle required. | 

Example, In the triangle 43% 
having the fide AB 562, ac 800, a 
BC 320, to find the angle ABC» 
ac=800ln=841 . co. 7075200 
AB=562|1—Ac==41 co, 8*3872! | 
Bc ==320|H—ABZZ279 +» 244508 
tum IDNS21H B 521 2 2716837 
2 ſum 841A ſum 20624807 


Tang. of 64% 2' = 3 ſum 1053124} 
Whoſe double 128? 4 is the angle 4 


ve, 


ſum 


1 


THE CASES OF SPHERICAL TRIANGLES RESOLVED 
2 BY LOGARITHMS. 


HE reſolution of ſpherical tri- 

angles 1s to be performed by the 
table of fines, tangents and ſecants ; 
which we ſhall ſhew by the 28 propo- 
ftions following; whereof. 16 are of 
rizht-angled, and 12 are of oblique tri- 
angles; and firſt 


Of Right-angled Triangles. 


B 


A. C 


Prop. I. Having the legs; to find the 
hypotenrſe. 


Add the coſine of one leg, to the 
oline of the other leg; the ſum, (abat- 


ing radius) is the coſine of the hypo- 
tenuſe required. 


Exanple, Tn the right-angled tri- 
angle aBc, having ac 25 54!, and 
Ec 11 39”; to find a8 the h - 
nuſe, ens 7 . 

9˙99 11927 coſin. 110 307 

99403271 colin, 27 5454 

99375298 colin, 30 AB req. 


Prop. II. Huving the two legs; to find 


either of the angles. 


Add the ſine of the leg next the angle 


ſought, to the cotangent of the other 
eg; the ſum, (abating radius) is the 
cotangent of the angle required. 


Example, In the right- angled tri- 
angle azc, having ac 2 54”, and 
$C 119 30'; to find the angle Bac. 
9'6701807 lin. next leg 27 54 
100915374 cot. opp. leg. 11 30 
103017181 cotan. BAC 23 30 


Prop. III. Having the hy eng and 
one of the angles; to find the other 
angle. 


Add the coſine of the hypotenuſe 
to the tangent of the angle given; the 
ſum, (abating radius) is the cotangent 
of the angle required. 

Example. In the 2 tri- 
angle aBc, having the hypotenuſe 
AB 30, and the angle ABc 69® 22/; 
to find the angle Ac. 

99375 306 colin. hyp. an 30® oof 

10*4241896 tang. Ac 69 22 


103617202 cotan. BAC 23 30 


Prop. IV. Having the hypotenuſe, and 

one of the angles; to find the leg next 

the given angle. | 

Add the tangent of the hypotenuſe 
to the coſine of the angle given; the 
ſum, (abating radius) 1s the tangent 
of the leg required. | 

Example, In the right-angled tri- 
angle aBc, having the hypotenuſe 
AB 30, and the angle aBc 69® 22“; 
to find the leg Bc. 

9*7614393 tang. hyp. an 30® oO 

9*5470188 colin. azc - 69 22 


93084581 tang. BCE - 11 30 


Prop. V. Having the hypotenuſe, and 
one of the angles; to find the leg op- 
poſed to the given angle, 


Add the fine of the hypotenuſe to 
the ſine of the angle given; the ſum, 
(abating radius) is the ſine of the leg 


required, 


Example, Tn the right-angled tri- 
angle aBc, having the hypotenuſe 
AB 30®, and the angle BAC 23 zo“; 
to find the leg Bc. 

9'6929700 ſin. hyp. a8 300 00 

g 6006997 fin. Bac 23 30 

9:2996697 fin, 280 11 30 
a | Prop, 
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Prop. VI. Having one of the legs, and 
the angle next it; lo find the hypotenuſe. 


Add the cotangent of the given leg, 
to the coſine of the given angle; the 
ſum, (abating radius) is the cotangent 
of the hypotenuſe required. 

Example. In the right-angled trian- 
gle ABc, having the leg ac 2 54/, 
and the angle Bac 23% 30”; to find the 
hypotenuſe As. 


I0*2701563 cot. Ac » 27 64 
99623977 col. Bac 23 30 
102385540 cot. hyp. AB 30 09 


Prop. VII. Having one of the legs, 
and the angle next it; to find the 
other leg. 


Add the ſine of the leg given to the 
tangent of the angle given; the ſum, 
(abating radius) is the tangent of the 
leg required. 

Example, In the right- angled trian- 
gle aBc, baving the leg Ac 27% 54, 
and the angle BAC 230 30/; to find the 
leg Rc. | 


9 6701807 fin. ac 27® 54/ 
9˙638 30 19 tan BAC 23 30 


6 


93084826 tan. Bc 11 30 


Prop. VIII. Having one of the legs, 


and the angle next to it; to find the 
other angle. 


Add the coſine of the given leg to 
the ſine of the given angle ; the ſum, 
(abating radius) 1s the cofine of the 
angle required, 

Example. In the right-angled trian- 
gle ABC, having the leg Bc 11 3o\, 
and the angle 430 69 22); to find the, 
angle BAC. 

9*9911927 cof, Bc 119 307 

99712084 fin, Af 69 22 

9'9624011 coſ. BAc 23 30 


Prop. IX. Having one of the legs, and 
the angle oppoſed unto it; to find the 
bypotenuſe, | i 
Add the radius to the ſine of the 


given leg, and from the ſum ſubtract 


the angle required. 


the ſine of the given angle, or add ith 
coſecant ; the remainder or ſum ig the 
ſine of the hypotenuſe required, 


Example. Ta the right-angled tri. 
angle ac, having the leg Bc 11% 30] 
and the angle Bac 232 30 ; to find the 
hypotenuſe AB. 

9'29965 53 fin. Bc 119 20f 

0'3993003 coſ. BAC 23 30 


969895 50 fin, AB zo reqd, 


Prop. X. Hawing one of the legs, and 
the angle oppoſed unto it; to find the 
other leg. 

Add the tangent of the given leg, to 
the cotangent of the given angle; the 
ſum, (abating radius) is the ſine of the 
leg required, 

Example, In the right-angled tr 
angle ABc, having the leg. nc 11* 30, 
and the angle Bac 23? 3o' ; to find the 
leg Ac. 

93084626 tang. 3e 11% 30" 

103616981 cot. Bac 23 30 


— 


96701607 ſin. Ac 27 54 


Prop. XI. Having one of the legs, and 
the angle oppoſed unto it ; to find tht 
other angle, 

Add the radius to the coſine of the 
given angle, and from the ſum ſubtrat 
the coſine of the given leg, or add the 
ſecant ; the remainder or ſum is the 
ſine of the angle required. 


Example. In the right-angled tri 
angle ABC, having the leg Bc 11* 30, 
and the angle zac 23 300; to find the 
angle ABC, EY 


99623977 coſ. Bac 239 30/ 
000838073 lec. Bc 11 30 


9'9712050 fin, apc 69 22 


Prop. XII. Hawing one of the legs, and 
the hypotenuſe 3 to ſind the angle neat 
the given leg. | 
Add the tangent of the given leg, to 

the cotangent of the hypotenuſe, the 

ſum, (abating radius) is the coſine 


Example 


Example, In the right-angled tri- 
wle ac, having the leg ac 27 54', 
id the hypotenuſe AB 30®; to find 
he angle BAC. 

9˙7238436 tan. Ac 27 54” 
102385606 cot. AB 30 OO 


9924042 coſi. Ac 23 30 


Pop. XIII. Having one of the legs, 
end the hypotenuſe ; to find the angle 
oppoſed to the given leg. 


add the radius to the ſine of the 
ren leg, and from the ſum ſubtract 
e fine of the hypotenuſe, or add its 
vecant 5 the remainder or ſum will 
e the ſine of the angle required. 
Ex:mple. Tn the right-angled trian- 
le apc, having the leg Bc 11 zol, 
id the hypotenuſe AB 309; to find the 
gle zac. | 

99965 83 fin. leg Be 112 307 
zo lo zoo coſec. hyp. AB 30 OO 
g'bookS5 3 fine of Bac 23 30 


op. XIV. Having one of the legs, and 
the bypotenuſe 3 to find the other lig. 


Add the radius to the coſine of the 
5potenuſe, and from the ſum ſub- 
att the coſine of the given leg, or 
d its ſecant; the remainder or ſum 
the coſine of the leg required. 


Example, In the 1ight-angled tri- 
ele anc, having the leg Bc 11% 30\, 
nd the oboe, | AB 309; to ſind the 
7 AC, x | 
09375306 colin. AB 30 00 
00088073 ſec, BC II 30 


99463379 colin, Ac 27 54 


up. XV. Having the angles: to find 
the hypolenuſe. 


Add the cotangent of one oblique 
ele to the cotangent of the other 
dique angle; the ſum, (abating ra- 


Ws) is the coſine of the hypotenuſe 
Qured, 


. In the right-angled tri- 
de ABC, having the angle 3 Ac 
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235 zo!, and the angle ABC 69® 2273 
to find the e AB. 


0361698 1 cot. Bac 23 307 
9.5758 104 cot. ABC 69 22 


99375085 col, hyp. 43 30 00 


Prop. XVI. Having the angles; to find 
either of the legs. 


Add the radius to the coſine of eĩ- 
ther oblique angle, and from the ſum 
ſubtract the fine of the other oblique 
angle, or add its coſecant; the remain- 
der or ſum will be the coſine of the 
leg oppoſite to the angle, whoſe coſine 


was taken. 


Example. In the right-angled tri- 
angle AB c, having the mw BAC 
23? zo“, and the angle anc 69® 22"; 
to find the leg he. | 
99623977 coſin. Bac 23® 30” 
00287916 coſec. apc 69 22 


9:9911893 colin. pe 11 30 


r 


T— — 


Of Oblique Triangles. 


P 


Prop. XVII. Hawing the three fides, to 
find any of the angles. 


Add the three ſides, and take half 
the ſum, and the difference between 
the half ſum and the ſide oppolite to 
the angle ſought. Then add the co- 
ſecants, or the complements of the 
fines, of the other ſides, to the fines 
of the half ſum and of the ſaid diffe- 
rence; half the ſum of theſe four lo- 
garithms is the coſine of half the angle 
required, 


Example, In the triangle s8ze, hav- 
ing the fide zs 40?, Ps 7, and pz 
38 30'; to find the angle z Ss. 

PS 


— — — - 
—— = = _ 
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rs o coſec. 00270142 
22238 30 coſec. o˙2058 505 
28 240 ©| lin, } ſum 9˙9833805 


Sum 143 30 ſin. dif. 9*7503579 
Zſum 74 15 2) 19*966603 1 


zZ$8=40 coſ. 15947 9˙9833015 
Diff. 34 151zes 31 34 required, 


Prop. XVIII. Having the three angles; 
to find any of the fades. 

Let the angles be changed into ſides, 

taking the ſupplement of the greater ; 

then the operation will be the ſame as 


ia the former propoſition. 


Prop. XIX. Having two angles, and a 
fide oppoſed to one of them; to find the 
fide oppoſed to the other angle, 


Add the fine of the fide given to the 
fine of the angle oppofite to the fide 
required, and from the ſum ſubtract 
the fine of the angle oppoſite to the 
fide given, or add its coſecant; the 
remainder or ſum will be the ſine of 
the ſide required. 


Example. In the triangle sz, hav- 


ing the angle, sz T 1309, 3“ 12%, 

sz 319 34 26%, and the ſide 28 40 

to find the ſide ps. 

958080675 fin. 28 „ 0 

9 8838294 „„ 
370 ſin. 8ze „ 

o˙ 2808858 


1 
1166 col. 8 0 FRG 


99529842 fin. ys reqd. „ 
See pa. 172 following. 


Prop. XX. Having two angles, and a 


fide oppoſed to one of them; to find the 
fide between the angles given. 


Ler a perpendicular fall upon the 


angle unknown, upon its oppoſite ſide : 
then add the coſine of the given angle 
next the given ſide, to the tangent of 
the given fide ; the ſum, (abating ra- 


dius) is the tangent of the firſt arc, 


comprehended between the given an- 
gle next the given ſide, and the ſeg- 


ment of the fide where the perpendl- 
cular falls, = 


And the ſecond arc comprehendy 
between the ſame ' ſegment and yþ 
other angle, is to be found thy; 
add the fine *of the arc found, to th 
tangent of the given angle next th 
given fide, and from the ſum { 
tract the tangent of the other ang 
given, or add its cotangent ; the n. 
mainder or ſum will be the ſine of th 
ſecond arc. 

The ſum or difference of theſe tw 
arcs will be the fide required. 


Example. In the triangle 823 
having the angle z s 31® 34 200 
287 30 23” 12%, and the fide yz ; 
300; to find the fide sr. 


* coſ. 28 . 
9*9006052 tan. 22 38 30 0 


28310273 tan. PA iſt arc 34 7 # 
974583998] an vn * 1 
: PW 


788 * | 
9*/004529 | I 34 « 
1227 tan, ZPS 3 1 
0*2301404 30 29 
3 word, cot. zZ8P 3 


97679103 fin. sx 2d are 35 52 
add yr iſt are 34 7 


ſum is sP 70 0 
p See page 172 following. 
But when the perpendicular fallsoit 


of the triangle, the difference of f 
two arcs will be the fide required. 


Prop. XXI. Having two angles, ail 
fide oppoſite to one of them; to fi 
the third angle. | 
Let a perpendicular fall from th 

angle unknown, upon its oppoſite hoe 

then add the coſine of the given fc 
to the tangent of the adjacent angk 
the fum, (abating radius) is the © 
tangent of the firſt angle to be foul 
comprehended by the given fide 
the perpendicular, 


And the ſecond angle, comprete 
ed by the perpendicular and the n 
unknown, is te be found thus: ad x 
ſine of the angle found, to the coline 


the given angle oppolite to the oy 


Je, and from the fum ſubtract the co- 
re of the other angle given, or add 
. ſecant; the remainder or ſum will 
de the fine of the ſecond angle. 

The ſum or difference of theſe two 
angles will be the angle required, 

Example, In the. triangle s 2 v, 
laying the angle 2 v 8 319 T4. 26, 
152 30 28/ 12%, and the ſide pz 38 
zo"; to find the angle s z r. 


98935444 colin. PZ 389 30/ &t 


6 7884529 1 
10 of #529 rang: ZPS | 1 
q6821209 cot. iſt Z PZR 64 18 50 
9594799 | 6 464 18 
1 : 50 ſin. PZR J 5 
99353948 * 29 + 

; 594 COS. Z8P — 48 

95443 31 34 

135 ſec. Zs 1 rerun 

99598447 fin. 2d . 82K 65 44 21 
then add 1ſt Z yzR 64 18 50 


the ſum is 827 130 3 11 
See page 172 following. 


But when the perpendicular falls 
oat of the triangle, the differenee of 


tle two angles will be the angle re- 
quired. 


Prop. XXII. Having two fides, and 
the angle betaueen them; to find either 
of the other angles, 


Let a perpendicular fall from the 
unknown angle, which is not required, 
upon its oppofite fide : then add the 
coline of the given angle to the tan- 
gent of the given fide oppoſite to the 
angle required; the ſum, (abating ra- 
Gus) is the tangent of the firſt arc, 
comprehended between the given an- 
ele and the ſegment of the given fide 
vhere the perpendicular falls. 

And the ſecond arc is the difference 
of that fide and tae firſt arc, being 
comprehended between the ſame ſeg- 
Ut and the angle required. 
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Now add the fine of the firſt arc, 
to the tangent of the given angle, and 
from the — ſubtract the fine of the 
ſecond arc, or add its coſecant; the 
remainder or ſum will be the tangent 
of the angle required. | 
Example. In the triangle s 2 , 
having the fide pz 38 30“, 1s 7095 
and the angle 228 3134 26”; to find 
the angle z 8 r. | 


9*9303781 319 34/ ff 
440 cofin. 258 J 4 
* 90006052 tang. Þz 38 30 0 


98310273 tan. yR,iſtarc34 7 30 
taken from ps 70 © 0 


leaves sx, 2d are 35 52 30 


97488698 0 "he" ae 
. 932 lin. PR 3 
978845 29 1 . 
1227 c — : wy 26 
0˙2 1 coſec. 8 * . 20 


9 7595270 tan. z ys req. 30 28 12 
See page 172 following. 


To fiad both the un knocon angles. 


Add together the coſecant, or the 
complement of the ſine, of half the ſum 
of the given ſides, the ſine of half their 
difference, and the cotangent of half 
the angle given; the ſum, (abatin 


radius) is the tangent of half the dit- 


ference of the angles required. 

Add alſo together the ſecant, or the 
complement of the coſine, of half the 
ſum of the given ſides, the coſine of 
half their difference, and the cotan- 
gent of half the angle given; the ſum, 
(abating radius) is the tangent of half 
the ſum of the angles required. 

Then add the half difference of the 
angles required, to their half ſum, and 

ou will have the greater angle; and 
ſubtra& the half-difference from the 
half-ſum, and you will have the leſſer 
angle required, the ſame as in the 
former operation. 1 
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”.= 70% of |] Coſec. ? fam 010906719 | Sec, } ſum oz 
22 = 38 30 Sin. Z diff. 9*4336746 | Coſin. 4 diff. 9 98 U 
Sum 108 30 [Cot. 22ers 19.548552 Cot, zs 10-8 
Diff. 31 30 T.49%47 30%10 0729817 [T. 80% 5/2“ 1076541: | 
XZ Sum 54 17 Half ſum of angles required 1s 809 15/% 1 
2 Diff, 15 45 |} Half the difference is - 42 4138 
zr s zi 34 26% The greater angle sz y is . 130 3N E 
2 C Ars = 15 47 13 | The leſſer angle 287 is, as before, 30 23 1 avi 


Prop. XXIII. Having iwo ſides, and 
the angle between them; to find the 
third ſide. 


Let a perpendicular fall from either 
of the angles unknown, upon its op- 
Polite ſide : then add the coſine of the 

ven angle, to the tangent of the fide 
| rw whoſe end the perpendicular is 
let fall; the ſum (abating radius) is the 
tangent of the firſt arc, comprehended 
between the given angle and the ſeg- 
ment of the fide where the perpendi- 
lar falls. 

And the ſecond arc is the difference 
of that ſide and the firſt arc, being 
comprehended between the ſame ſeg- 
ment and the end of the ſide required. 

Now add the coſine of the ſecond 
arc, to the coſine of the fide from 
whoſe end the perpendicular falleth, 
and from the ſum ſubtra& the cotine 
of the firſt arc found, or add its ſe- 
cant ; the remainder or ſum will be the 
cofine of the fide required, 


Example. In the triangle sz y, hav- 


ing the ſide pz 380 30“, ys 70%, and 
the angle zes 31934 26%; to find the 
ide 28. 


ne colin, z 5s 13 10 


35! 
234 
30 0 


7 30 
8 


g9*g900b052 tang. Pz. 38 


98310273 tan. PR, Iſt arc 34 
taken from ps 70 


leaves sk, 2d arc 35 52 30 
9155 Ccolin, SR ky * 
9˙8935444 colin, yz 38 30 © 
I Hr 9-7 > 
9˙8842553 colin. zs req. 40 0 © 


See page 172 following, 


' 9*7189961 fin. zrs req. 31 34% 


' (abating radius) is the tangent of the 


Prop. XXIV. Having ivo ſider, au 
the angle oppoſite io one of them; i 
find the angle oppoſed to the other fi, 


Add the ſine of the angle given, ty 
the fine of the fide oppoſite to the u. 
gle required, and from the ſum ſib. 
tract the fine of the fide oppoſite tothe 
angle given, or add its coſecant; tle 
remainder or ſum will be the ſine d 
the angle required. 


Example, In the triangle sz r, har 
ing the ſide es 70%, zs 40), and the 
angle sz Þ 130® 3/ 12/1; to find the 
angle 28. 


N Tl 
9 wt} ſin. ſup. sz p {7 56 5 


98080675 ſin, za | 


00270142 coſec. rs , 


40 0 0 
70 0 0 


See page 172 following. 


Prop. XXV. Having two fider, and 
T angle oppoſite to one of them ; it 
find the third fide, 


Let a perpendicular fall from the 
angle between the ſides given, upon 15 
oppolite ſide : then add the coſine of 
the angle given, to the tangent of the 
given ſide next that angle; the fun 


firit arc, comprehended between the 
iven angle and the ſegment of 
[de where the perpendicular falls. 


Now the 2d arc, comprehended be- 
tween the ſame ſegment, and the end 
of the fide required, is to be found 
thus: add the coline of the firſt are, 
to the coſine of the given ſide opp® 
ſite to the angle given, and from * 


n ſubtract the coſine of the other 
ren fide, or add its ſecant; the re- 
inder or ſum will be the coſine of 
e ſecond arc. | | 
The ſum or difference of theſe two 
cs will be the ſide required. 


Example, In the triangle s 2 v, 
wing the ſide yz 38 307, 82 400, 
nd the angle s 2 3134 26“/; to 
nd the ſide ps. 


wort | coſ. 8Pz { 31” 35, 24 
goobog2 tan. PZ 33 30 0 


8310273 tang. P Iſt arc 34 7 30 
754g cofin, PR 34 — 
$342540 coſin. 2 40 © © 
1064556 ſec. PZ 38 30 0 


9086432 colin. sx 2d arc 35 52 30 
add va, ift are 34 7 30 
gives ps req. JO © © 

See page 172 following. 


But when the perpendicular falls out 
the triangle, the difference of the 
o arcs will be the fide required. 


bop. KXVI. Having two fides, and 
the angle oppoſed to one of them ; to 
fund the angle between them. 


Let a perpendicular fall from the 
gle between the ſides given, upon its 
polite fide : then add the coſine of 
be given fide next the given angle, 
0 the tangent of that a ; the um 
aating radius) is the cotangent of 
be firſt angle to be found, compre- 
ended by the given fide next the an- 
he given, and by the perpendicular. 


Now the ſecond angle, comprehend- 
d by the perpendicular and the other 
wen fide, is to be found thus: add 
e coſine of the firſt angle found, to 
ae tangent of che given fide next the 
ple given, and from the ſum fub- 
net the tangent of the other given 
Ge, or add its cotangent; the re- 
ander or ſum will be the coſine of 
de ſecond angle to be found, 
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The ſum or the difference of the 
firſt and ſecond angles, will be the an- 
gle required, 


Example. In the triangle s 2 v, 
having the fide pz, 38 30“, 8z 40, 
and the angle s 2 319 34 26093 to 
find the angle sz v. 


98935444 colin, p 380 30) &l 


788452 I a 
9˙7 4529 | tang. zr 15 BE. 


9082 1200 cotan. PZR, Iſt £64 18 50 


96368859 x: SBS IV « 

437 coſin. PZR 2 
9:g006052 tang. 2 38 30 © 
0.061865 cotan,8z - 40 © 0 


96137213 coſin. szx, 2d 4 65 44 22 


add 2 Rx, Iſt 4 64 18 50 


gives sz, req. 130 3 12 


See page 172 following. 


Prop. XXVII. Having two angles, 
and the fide between them; to find 
either of the other ſides. 


Let a perpendicular fall from the 
given angle, which is next the fide re- 
quired, upon its oppoſite ſide then 
add the coſine of the given fide to the 
tangent of the given angle oppoſite to 
the ſide required; the ſum (abating 
radius) is the cotangent of the firſt 
angle to be found, comprehended by 
the given fide and the perpendicular. 


And the ſecond angle is the differ- 


ence between the firſt and the given 
angle next the required fide, being 
comprehended by the perpendicular 
and that fide. xs 


Now add the coſine of the firſt an- 
gle found, to the 1 of the ſide 
given, and from the ſum ſubtract the 
coſine of the ſecond angle, or add its 
ſecant; the remainder or ſum will be 
the tangent of the ſide required. 


Example, In the triangle s z , 
having the angle s z 3134 26”, 
$7 r 1200 3“ 12“, and the fide 2 2 
389 zo; to find the ſide $2. 
2 


9-8935⁴44 
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nr e ee 38 zo" o 
78 2 | s 31 34 
9 4579 Frang. 622 7 Fan 
ä 9˙682 1200 cot. z R, iſt £4 64 18 50 
taken from sz? 130 3 12 


leaves szx, 2d 4, 65 44 22 


. coſin. zA * * * 
n tang, PZ = 38 3 O 
o* 7 . 

- 1228 Flee. we j 3 


99238126 tan. sz red. 40 © © 
See page 172 following. 
To find both the unknown ſides, 


Add together the coſecant, or the 
complement of the ſine, of half the ſum 
of the angles given, the fine of half 


130? 3! 12/1 
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Coſec. 4 ſum 0*0056062 
Sin. + diff. 98793827 
Tang. Erz 9.4293 


their difference, and the tangent 
half the given ſide; the ſum (abatiy 
radius) is the tangent of half the d 
ference of the ſides required, 


Add alſo together the ſecant, ory 
complement of the coſine, of half tþ 
ſum of the given angles, the coſine d 
half their . and the tangey 
of half the given ſide ; the fin 
(abating radius) is the tangent of u 
the ſum of the ſides required. 


Then add half the. difference of th 
ſides required, to their half ſum, af 
you will have the greater fide; af 
ſubtract the half-difference from th 
half-ſum, and you will have the ley 
fide required, the ſame as in th 
former operation. | 


Sec, 2 ſum o' 
Coſin. + diff. 9˙8 1484 
Tang. r 9543096 


sz v 

s 11:24 20- 
Sum 161 37 38 
Diff. 98 28 46 


I Sum 80 48 49 
2 Diff. 49 14 23 
Res Rs 3 = 6 

272 19 15 © 


Prop. XXVIII. Having two angles 
and the fide between them; to find 
the third angle. 


The 


Let a perpendicular fall from either 
of the angles given, upon its oppoſite 
ſide: then add the coſine of the ſide 
given to the tangent of the given an- 
gle, from which the perpendicular does 
not fall; the ſum (abating radius) is 
the cotangent of the firſt angle, com- 
prehended by the given ſide and the 
perpendicular. 

And the ſecond angle is the differ- 
ence between the firſt and the given 
angle that the perpendicular fell from, 
being comprehended by the perpendi- 
cular and the fide oppoſite to the other 
angle given.. 

| — add the fine of the ſecond 
angle to the coſine of that giyen angle 
from which the e did not 
fall, and from the ſum ſubtract the ſine 


Tang. of 155 94280525 
Half ſum of the ſides required is 
Half their difference is 


ter ſide 8p is „5 5 MW ERS 
Leſſer fide 8z is, as before. 


of the firſt angle found, or add its eo 


9˙78845 29 


9279 ſin. 82 R | 65 " 1 


Tang. of 55 10˙154775 
2 if 
2 * li 
5 
1 


ſecant; the remainder or ſum. wil be 
the coſine of the angle required. 


Example. In the triangle sz, hu. 


ing the angle s 2 r 1306 3“ 12, 91 
31934 26% and the fide pz 385 30 
to find the angle sz. | 
9*8935444 colin. PZ , 
#529 ang. e 
9*682 1200 cotan. yz R, Iſt C, 64 18 50 
taken from 82 130 — | 
leaves sz R, 2d Z, 65 44 * 


0851/7 [e „ 3.94.97 
113 | colec. PZR a 


—10 
hg) 6: coli. 85 · U 35 


— 4 


209 
9˙93545 50 colin. PS req. 30 28 0 
See page 172 following. 705 


top. I. Having two fides of a ſpheric 
triangle, with the angle between them ; 
to find the third fide. | 


DD the log. verſed fine of the 


k 


the contained angle, and the log. 
uss of the two ſides together; the 
an (abating twice the radius) is the 
te carithm of a number to be found, 
lo hich added to the natural verſed fine 


the difference of the two given ſides, 
eſum will be the natural verſed fine 
the third ſide ſought. 


Or when the contained angle is a- 
we 90%, add the log. verſed ſine of 
; ſupplement, and the log. fines of 
ke two ſides together; the ſum 
beating twice the radius) is the loga- 
thm of a number to be found, and 
Idtrated from the natural verſed fine 
the ſum of the two given ſides, the 
mander will be the natural verſed 
ic of the third ſide ſought. 


Example 1. In the triangle 8z v, 
wing the ſide yp z 38 307 Ps 705, 
nd the angle 278 31% 34 260%; to find 
ie fide 28. 


1103625 log. ver. ſine 252 3134/2600 
1941496 log. fine of pz 38 30 © 
972958 log. fine of xs 70 © © 
$374979 log. of the numb. 865960 
i, verſ. diff, ſides 310 30 1473598 


at, verſ, 28 4P Þ. » « 2339556 


Example 2. In the triangle s z p, 
zung the fide yz 380 30, 28 40%, 
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0R THE USE OF THE VERSED SINES MAY BE ALSO ADDED 
THE FOLLOWING PROPOSITIONS. 


and the angle 8ze 130® 2/ 12//; to 
find the fide Ps. 


The angle yz? is the ſupplement 
of szr. 


9*5520590 log. verſ. vzp 499 56" 49/1 


9*7941496 log. fin. 22 38 30 © 
98080675 log. fin, zs 40 o 0 


9*1542761 log. of the number 1426514 


Nat. verſ. ſum fides 780 30 800632 c 
Nat. verſ. 2s 700 6 79807 


This propoſition may be very uſeful 
in finding the diſtances of places on 
the earth, whoſe longitudes and lati- 
tudes are known ; the diſtances of ſtars, 
whoſe declinations and right aſcenſions, 
or longitudes and latitudes are known 
and conſequently the altitudes, or com- 
mon altitude of two ſtars, or two alti- 
tudes of the ſun, and time between the 
obſervations, or difference of azimuth, 
being taken, the latitude of the place 
may readily be found. 


Prop. II. Having two angles of a 
ſpheric triangle, and the fide between 
them ; ta find the third angle. 


Let the angles be changed into ſides, 
and the ſide into an angle; then do as 
in the former propoſition, and the re- 
ſult will be the ſupplement of the third 
angle. But if one of the given angles 
exceed o, take its ſupplement, and 
the reſult will be the third angle. 
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The following remarks and directions, for rendering the proportion; 
part of a logarithm always additive, and for uſing ct, t, &, Wi” 
for 5 or c &c. in the foregoing propoſitions, 20, 21, 22, 23, 25, 
26, 27, 28, were communicated by the Rev. Nevil Maſkelyne, 
D. b. aſtronomer royal, and p. R. s. the fourth cafe having been 
invented by him many years ſince, and delivered to the computor 
of the Nautical Ephemeris, as precepts neceſſary in computing 
the moon's diſtances from the ſtars in ſome caſes, and the reſt he 
has now added upon this occaſion. | 


6 The reſult of trigonometrical calculations will be ſometime 
inaccurate, owing to the logarithms not being carried to a greater 
number of places in the table, as will ſufficiently appear from the 
logarithmic differences being ſmall. This will happen where the 
anſwer comes out in the coſine of a very ſmall angle, or the fine of 
an angle near 90%. The greatneſs of the differences of the log. 
ſines of ſmall arcs, or coſines of large ones, will ſometimes affect the 
accuracy of the. refult of the ſecond part of the operation, unleſs 
the firſt arc be found to a ſmall part of a minute or ſecond : To pre- 
vent ſuch error, and render the computation eaſier, putting t, t, 


s, c for the tangent, cotangent, ſine, and coſine of the 1ſt arc or 
angle, then in the 2d part of the work, 


—— —— — — 


— 


2 l ” — 4 4 2 — . * 


TY —— —— — 


In prop. 20, if the firſt are is very ſmall, for 8 uſe c+t 


> angle is very ſmall, for s uſe c=t' 

[ 22 gate 1s very ſmall, for 8 ule c.? 
5 233 dee .wopear 903, for —c uſe t- 
| 25 = we is near go”, for c uſe s=t 
26 angle is near 900%, for c uſe 8+t 

27 angle is near 900, for c uſe st! 

28 angle is very ſmall, for -s uſe t! -e 


— - 


This obviates the neceflity of finding the firſt arc to a very minute 
exactneſs, which otherwiſe would be neceſſary in taking out the {ine 
or coſine of the ſame arc in the ſecond part of the work. 


Where the foregoing precepts direct to ſubtract a fine or coſine, 
it will be readier in practice to add a coſecant or ſecant; and where 
they direct to ſubtract a tangent (which is done in prop. 26) it will 
be readier to add a cotangent. This method being uſed if it be 
required to find the logarithmic fines &c, to the exactneſs of a ſe- 
cond, ald the logarithm is increaſing (as in the fines, tangents, an 
ſecants) write down the logarithm for the degree and minute with- 
out the ſeconds; and alſo write down the proportional part for the 
ſeconds ; but, if the logarithm is decreaſing (as in the coſines, co. 
tangents, and coſecants) write down the logarithm for the nes 
greater minute, and alſo write down the proportional part for the 
complement of the ſeconds to 60; and proceed in like mann 
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with every logarithmic ſine, coſine, &c. uſed in the work; the ſum 
of all the logarithms (abating one or two radii or tens in the index, 
according as 2 or 3 logarithmic ſines &c are uſed in the part of the 
work in queſtion) will be the logarithmic ſine, coſine, tangent, or 
cotangent required. | 
Ex. 1. To find the log. ſine of 34® 17” 24/7 
Here log. ſine of 349 17” - 97507287 
And as 60: 24 or as 10: 4:: 1853:- - 74t 
| 9*7503028 
Ex. 2. To find the log. cof. of 55 42! 36” 
Log. coſ. of 55%43/ - - - 97507287 
60: 24 (60 - 36), or 10: 4:: 1853: - 741 
| 9*7505028 


x 20031 If. cof, 9˙9715 404 
— 3. - - > 95 


* + 40. - 9814 tang. from fine 


d 84 43 43 tan. 1210349663 - - - - - „ 110340663 
'L 89 10 © coſec. PD 84 44“ < 1010018374 


10 4 26 17 — I - - =» 


V 
colin. Ls 20 53 24 99704714 


Here, to avoid the trouble of finding the proportional part for the 
large logarithm difference of the coſine of ps, that coſine is found by 
ſubtracting the tangent of it (already found) from the ſine, which is 
eaſily found, becauſe the differences are ſmall: And, for the ſame 


of its ſecant. | | | 
N. B. The perpendicular ſhould always be let fall from the end of 
the ſide, ps or PL, which differs molt from 90*®, over or under.” 


OF THE TRAVERSE TABLE. 
THis traverſe table, or table of if the minutes of latitude and depar- 
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* 
Ex. 3. In the triangle yLs, given | 
* * A zo i to find Ls by prop. 23; D 
1 85 1 3 Lone being perp. PL. 1 
8 


Ps 85 3 106243 50 coſ. found by due 8· 9349686 


* 
colin, LD 4 27. 099986888 


reaſon, the ſum of the tangent and coſecant of 2p, are uſed inſtead 


difference of latitude and de- 
mmure, in page 338 and 339, is ſo 
contrived, as to have the whole in 
die view, and is ſo plainly titled as 
to want little or no explication. 

6 he diſtances 1, 2, 3, &c, at the 
P and bottom, may be accounted 
0% 20, zo, &c, and the 10 as 100, 


ture anſwering to the courſe be in- 
creaſed in the ſame proportion; ſo 
that if the diſtance conſiſts of two 
ſigniſicant ſigures, the difference of 
latitude, and the departure, is each 


to be taken out at twice; and if of 


three figures, at thrice. 
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194 USE OF THE 


The chief deſign of this table is 
for the ready and exact working of 
traverſes; but it may alſo be applied 
to the ſolution of the ſeveral caſes of 
plain failing, and to ſome other uſes, 


Prop. I. Having the courſe and diſ- 
tance, to find the difference of lati- 
tude and departure. 


Seek the courſe on the left-hand 
of both pages downwards, if leſs than 
four points, or 45 degrees; or if 
greater, on the right-hand upwards 
and even with it in the double column, 
figned at the top and bottom with the 
diſtance, is found both the difference 
of latitude and the departure. 


Example 1. A ſhip fails 88 w 3 w 
37 miles; the difference of latitude, 
and the departure are required. 


Find tbe courſe 24 points on the 
left-hand fide of each page, and. even 
with it in the double columns ſigned 
3, and 7, the two figures of the diſ- 
tance, the difference of latitude for 
30 is 25*732, and for 7 is 6004, 


the ſum is 31736 for the whole dif- 


ference of latitude ; and the depar- 
ture for 30 is 15*423, and for 7 is 
3599, the ſum is 19'022 for the 
whole departure. i, 


Thus, D/P. Diff. Lat, Dep. 
7 © TR 7 
7 ». » 0004 , 3599 
37 miles 31*730 . 19022 


Example 2. A ſhip fails s = 49? 
145 miles; the difference of latitude 
and the departure are required. 


Find. the courſe 49 degrees on the 
right-hand fide of each page, and 
ever with it in the double columns 
figned 10, 4, and 8, the difference of 
latitude at 100 miles is 65*606, at 40 
is 26*242, and at 8 is 5*248; the ſum 
is 97096 for the whole difference of 
latitude, And the departure at 100 
miles is 75*471, at 40 is 30˙188, and 


at 8 is 6038; the ſum is 11.6% 
for the whole departure. Thus, 


Di/l. Dif. Lat. Depar, 
100 65 ˙606 «© 95g 
%%%» 1 ©» vw 


3 


. D « _ Gozf 
148 miles 


97090 111˙69) 


Prop. II. Having ſeveral courſes and 


diſlances, to find the difference if 
latitude, and the departure. 


Make a table in the following man- 
ner, and put therein each courfe and 
diſtance ; then find the difference of 
latitude and departure to each courſe 
by the preceding, and place them in 
the proper column ; the difference of 
the ſums of the northings and ſouth 
ings, is the whole difference of [ati- 
tude; and the difference of the ſum 


of the eaſtings and weſtings, is the 


whole departure. 


Example. A ſhip from the latitude 
of 50® north, ſails according to the 
courſes and diſtances ſet in the tra- 
verſe table; the differences of latitude, 
and the departure, are found at the 
bottom, 
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This propoſition may be applied in 
the ſurveying of large tracts of land, 
13a county, &c, and was made uſe of 
by Mr. Norwood in meaſuring the 
diſtance from York to London, as the 
road led him, obſerving the ſeve- 
ral bearings by his circumferentor, 
ind finding by ſuch a table his ſeveral 
differences of latitude, and departures, 
by which he obtained the diſtance be- 
teen the parallels of London and 
York, pretty near the truth, ſo long 
zr0 as the year 1635; as may be ſeen 
in his Seaman's Practice. 


1 Alſo in plotting the ſurvey of a 
A ooonty thus taken, the circuit ſtation- 
bees, though conſiſting of many hun- 


trees, may be reduced to a few for 
the firſt cloſing, and the like for the 
ntermediates of each line firſt plot- 
tel, by which every ſtation may per- 
haps be more truly placed than by any 
aher method: the diſtances in the 
able may be chains of 66, or 100 feet, 
i; well as miles, or any other meaſure 
tat the differences of latitude and 
departure would be had in. 


trop, III. Having the difference of 
latitude, and the departure; to find 
the courſe and diftance. 


Seek the given difference of latitude 
and departure, taken together, in their 


tem; and the courſe is even there- 
"tt at the ſide, and the diſtance at 
tie top and bottom: but if the given 
Wfkrence of latitude and departure 
annot be found nearly, take 2, 2, 
& part, or any equal multiple of 
dem that can be found; then the 
furſe is even with them at the fide, 
Wind ſuch a part of the diſtance, as was 


parture, at the top and bottom. 


Example 1. Given the difference of 
Ie 59 miles s, and the departure 
miles w; the courſe and diſtance 
Mt required. 
in the double column over q, even 


wie WY 49 at the right-hand fide, is 


TRAVERSE TABLE. 


wumns, or the neareſt numbers to 


ten of the difference of latitude and 


173 


found together the given difference of 
latitude aud departure; therefore the 


courſe is 49 s W, and the diſtance go 
miles. 


Example 2, Given the difference of 
latitudes 30 miles x, and the depar- 
ture 18 miles E; the courſe and diſ- 
tance are required, 

Here the given difference of lati- 
tudes and departure, or any numbers 
near them, are not to be found toge- 
ther in the table, therefore taking F or 
the double of each, the courſe is found 
to be 31 N E, and the diſtance 35 
miles. 

Note. A table computed to every 
mile in the diſtance up to 100 miles, 
would more readily ſolve this example. 


Prop. IV. Having the departure and 
middle latitude; to find ibe difference 
of longitude, according to rbe method 
uſed by W. Jones, /. F.R. 8. 


Seck the given departure, or the 
next leſs number in the columns figned 
lat. even with the given middle latitude 
found among the courſes, and at the 
top and bottom (ſigned diſt.) is the 
difference of longitude ſought ; which 
if not found directly at once, may be 
taken out at twice or thrice. 


Example 1. Being. yeſterday noon 
in the latitude of 37 17/ N, and this 
day noon in 389 43/ n, and by the 
table the departure is found 50*921 E; 
the difference of longitude is required. 

In the column ſigned lat. under q, 
even with 38, the middle latitude is 
found 709i; therefore go miles is 
the difference of longitude ſought. 


Example 2. Being yeſterday noon 
in latitude 46? 25'N, and this day at 
noon in 47 35" N, ſo that the middle 
latitude is 47 N, and the departure is 
found 112*53 miles w; required the 
difference of longitude ? 

In the column ſigned lat. over 10 
at the bottom, even with 47 at the 

. right- 
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of this table 1s 
exact working of 


The chief defi 
for. the ready an 


traverſes ; but it may allo be applied 


to the ſolution of the ſeveral caſes of 
plain failing, and to ſome other uſes, 


Prop. I. Having the courſe and diſ- 
tance, to find the difference of lati- 
tude and departure. 


Seek the courſe on the left-hand 
of both pages downwards, if leſs than 


four points, or 45 degrees; or if 


greater, on the right-hand upwards 
and even with it in the double column, 
figned at the top and bottom with the 
diſtance, is found both the difference 


of latitude and the departure. 


Example 1. A ſhip fails ss w 3 w 
37 miles; the difference of Jatitude, 
and the departure are required. 


Find the courſe 24 points on the 
Ieft-hand fide of each page, and. even 
with it in the double columns ſigned 
3, and 7, the two figures of the diſ- 
tance, the difference of latitude for 
30 is 25*732, and for 7 is 6004 , 
the ſum is 31736 for the whole dif- 
ference of latitude; and the depar- 
ture for 30 is 15423, and for 7 is 
3*599, the ſum is 19022 for the 
whole departure. FS 28 | 


Thus, D.,. Diff. Lat. Dep. 
T TS 7 

7 1» -— Oo. . Foes 

37 miles 31*739 . 19022 


Example 2. A ſhip ſails 8 = 49 
145 miles; the difference of latitude 
and the departure are required. 


Find the courſe 49 degrees on the 
right-hand fide of each page, and 
even with it in the double columns 
figned 10, 4, and 8, the difference of 
latitude at 100 miles is 65 606, at 40 
is 26*242, and at 8 is 5*248; the ſum 
is 97096 for the whole difference of 
latitude. And the departure at 100 
miles is 75*471, at 40 is 39'188, and 


at 8 is 6038; the ſum is 11 14$6} 
for the whole departure. Thus, 


Di/l. Dif. Lat. 
109 «+ . 6 5 606 o 7 5471 
40 „ 26˙242 . 30183 


8 +. $248 « Col 
148 miles g7*'996 . 111g; 


Prop. II. Having ſeveral courſes and 
diſtances, to find the difference of 
latitude, and the departure. 


Make a table in the following man- 
ner, and put therein each courſe and 
diſtance ; then find the difference of 
latitude and departure to each courk 
by the preceding, and place them in 
the proper column ; the difference of 
the ſums of the northings and ſouth 
ings, is the whole difference of lati- 
tude; and the difference of the ſum 
of the eaſtings and weſtings, is the 
whole departure, 


Example. A ſhip from the latitude 
of 50® north, ſails according to the 
courſes and diſtances ſet in the tras 
verſe table; the differences of latitude, 
and the departure, are found at the 
bottom. 
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This propoſition may be applied in 
the ſurveying of large tracts of land, 
a3 a county, &c, and was made uſe of 
by Mr. Norwood in meaſuring the 
diſtance from York to London, as the 
road led him, obſerving the ſeve- 
ral bearings by bis circumferentor, 
and finding by ſuch a table his ſeveral 
differences of latitude, and departures, 
by which he obtained the diſtance be- 
tween the parallels of London and 
York, pretty near the truth, ſo long 
ago as the year 1635 as may be ſeen 
in his Seaman's Practice, 

Alſo in plotting the ſurvey of a 
county thus taken, the circuit ftation- 
lines, though conſiſting of many hun- 
dreds, may be reduced to a few for 
the firſt cloſing, and the like for the 
intermediates of each line firſt plot- 
ted, by which every ſtation may per- 
haps be more truly placed than by any 
other method: the diſtauces in the 
table may be chains of 66, or 100 feet, 
as well as miles, or any other meaſure 
that the differences of latitude and 
departure would be had in. 


Prop. III. Having the difference of 


the courſe and diſtance. 


deek the given difference of latitude 
and departure, taken together, in their 
columns, or the neareſt numbers to 
them; and the courſe is even there- 
with at the fide, and the diſtance at 
the top and bottom: but if the given 
diference of latitude and departure 
cannot be found nearly, take 2, 4, 
de part, or any equal multiple of 
them that can be found; then the 
courſe is even with them at the ſide, 
ad ſuch a part of the diſtance, as was 
taken of the difference of latitude and 
tparture, at the top and bottom. 


| Example 1. Given the difference of 
tude 59 miles s, and the departure 


miles w; the courſe and diſtance 
a required. 


In the double column over 9, even 


id ih 49* at the right-hand hide, is 


latitude, and the departure; to find 
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found together the given difference of 


latitude aud departure; therefore the 


courſe is 49 s w, and the diſtance go 
miles, 


Example 2, Given the difference of 
latitudes 30 miles x, and the depar- 
ture 18 miles E; the courſe and diſ- 
tance are required, 

Here the given difference of lati- 


' tudes and departure, or any numbers 


near them, are not to be found toge- 
ther in the table, therefore taking For 
the double of each, the courſe is found 
to be 31 N E, and the diſtance 35 
miles. 

Note. A table computed to every 
mile in the diſtance up to 100 miles, 
would more readily ſolve this example. 


Prop. IV. Having the departure and 
middle latitude ; to find the difference 
of longitude, according to tbe method 
uſed by W. Jones, E/. F. R. 8. 


Seck the given departure, or the 
next leſs number in the columns ſigned 
lat. even with the given middle latitude 
found among the courſes, and at the 
top and bottom (ſigned dift.) is the 
difference of longitude ſought ; which 
if not found directly at once, may be 
taken out at twice or thrice. 


Example 1. Being. yeſterday noon 
in the latitude of 37 17/ N, and this 
day noon in 38943“ x, and by the 
table the departure is found 70.921 E; 
the difference of longitude is required. 

In the column ſigned lat. under 9, 
even with 38, the middle latitude is 
found 7'0921.; therefore go miles is 
the difference of longitude fought. 


Example 2. Being yeſterday noon 
in latitude 46? 25'N, and this day at 
noon in 47 35" N, ſo that the middle 
latitude is 47 N, and the departure is 


found 11253 miles W; required the 


difference of longitude ? 
In the column figned lat. over 10 
at the bottom, even with 47® at the 
5 | right» 
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right-hand fide, is 6*8200 ; therefore 
ſubducting 68-200 from 11253, the 
remainder is 44*33 ; then over 6 is 
40920, and 402 ſubdued from 
44 33 leaves 3*41, which is found 
over ; therefore the difference of 
longitude is 165 miles weſt, 

It the middle latitude be not an 

even degree, but have odd minutes 
find the difference of longitude, for 
the even degrees next leſs and greater, 
and add a proportional part of the 
difference between the two reſults to 
the leſſer ; the ſum will be the differ- 
ence of longitude ſought. 
Suppoſe the middle latitude in the 
laſt example had been 47 20“ N, then 
after Bnding the difference of longi- 
tude as before for 47, find it alſo 
for 48%, which is 168 miles; then 
J of the difference being added to 
the former, gives the difference of 
longitude 166 miles weſt. 

Note. Though this method is not 
in all caſes near the truth, yet when 
the miles are geographical, it is ſuffi- 


ciently near for daily practice in any 


voyage, as well as eaſy, and very ex- 
peditious. 


Prop. V. Having the latitudes oy 
longitudes of two places, to find th 
bearing and diftance, 

Seek the complement of the middle 
latitude among the degrees, and the 
difference of longitude in minutes 
among the diſtances, the departure 
anſwering is found in its proper co- 
lumn; then with the difference of k. 
titudes and departure, find their ber. 
ing or courſe and diſtance by the third, 

Example. Let the Lizard be giw 
in the latitude of 49* 50“ u, and 0 
21/ w longitude, and Cape Ortegd 
in the latitude of 44® 10/ N, and 70 
43 w longitude ; to find the bearing 
and diftance. 

The difference of longitude is 142; 
and in the columns figned dep. under 
10, 4, and 2, even with 439 the co- 
middle latitude, are found 6'8200, 
2*7280, and 1*3640; then imrealing 
the two former as before ſhewn, ther 
fum is 96*844 miles W, for the d. 
parture ; and the hearing, or courle, 
anſwering to 340 miles difference dt 
latitude, with 96*844 departure, i 
found about 16® s W:, and the dl 
tance about 354 miles, 


OF MERCATOR'S SAILING. 


HE uſes of the table of meridional parts are fully ſupplied by 
the table of logarithmic tangents, as is demonſtrated in N* 219 


of the Philoſophical Tranſactions. It is there proved, 11t, That ths 


meridional line, or ſcale of Mercator's Chart, is a ſcale of the log 
tangents of the half complements of the latitudes. 2dly. That ſuch 
log. tangents of Mr. Briggs's form, are a ſcale of the differences 0! 
longitude, upon the rumb which makes an angle of 513819“ wit 
the meridian. And 3dly. That the differences of longitude, on ai. 
ferent rumbs, are to one another as the tangents of the angles 0 


thoſe rumbs with the meridian. 


courſe and diſtance are readily determined by this rule. 


Hence it follows, that the difference of the log. tangents of the half 
complements of the latitudes, is to the difference of longitude 2 ſup 
makes in ſailing on any rumb from the one latitude to the other, ® 
the tangent of 519 3809“ (whoſe logarithm is 101015104) to the tal 
gent of the angle of the rumb or courſe with the meridian z fo that: 

I. If two latitudes, and the difference of longitude be given, the 


Take, 


Ss: 7A 1 4.0 WO. 177 


Take, by help of the tables, the difference of the log. tangents of 
te half complements of the latitudes, eſteeming the laſt three figures 
be a decimal fraction; and add the complement of its logarithm to 
the logarithm of the difference of longitude reduced to minutes, and 
e conſtant log. 1091015104 z the ſum (abating radius) ſhall be the 
og. tangent of the courſe. And to the log. ſecant of the courſe, add 
ke logarithm of the difference of latitude reduced to minutes, the ſum 
abating radius) ſhall be the logarithm of the diſtance in minutes. 


in ze 10“ N, and their difference of longitude 53 00), or J180'w; 
o find the courſe and diſtance, 
co lat Barbadoes 38 25” J. tan. 9'8993082 |. 3189” = 315024271 
: * | Lizard 20 24 l. tan. 95620477 conſt. log. 10' 1015104. 
| diff. 3372005 its co, log. 047520340 
Log. tang. of the courſe 49? 597 10% 8w R X p 10*075972L 
Log. ſec, of the courſe 49 0 10 * « « . 10'1918067 
g. of 2205” diff, of the latitudes . i # © _ 3:3434930 


Log. of 3429'378 diftance of Barbadoes from the Lizard . 35352153 


II. If two latitudes and the courſe be given, the difference of lon- 
zitude is obtained with the ſame eaſe : for as the tangent of 519 38” 
9" is to the tangent of the courſe, ſo is the difference of the log. 
angents of the half complements of the latitudes, to the difference 
pt longitude ſought. Wherefore to the complement of the conſtant 
Io. 10'1015104, add the log. of the difference of the log. tangents 
dt the half complements of the latitudes, and the log. tangent of the 
ourſe, the ſum (abating radius) will be the log. of the difference of 
ongitude in minutes. 
Example. Given the latitudes 49? 55” and 13 10ʃ, and courſe 
f 59! 10”, to find the difference of longitude. 

at, 13* 1O', its & co lat. 389 25 l. tan. y*8993032 


diff. 3372:605 its log. 3*5279654 


Log. of 3180! = 539 for diff. of longitude .  . 3*6024271 


ch By this rule, having two good obſervations of the latitude, and the 
ore duly ſteered, the reckoning of a ſhip's way is beſt aſcertained, 
n pecially if you ſail near the meridian. 

if. III. If the latitude departed from, the courſe ſteered, and diſtance 


* be given; to find the ſhip's latitude, and difference of lon- 
gitude. | 
Firſt, the latitude is obtained from the conſideration that the diſtance 
ito the difference of latitude, as radius to the coline of the courſe, 
Which is common to plain failing. Therefore to the log. of the diſtance 
3 = log. coſine of the courſe, the tum (abating radius) 1s the log. 
* difference of latitudes; which difference added to the leſſer 
5 0 e, or ſubtracted from the greater, the ſum or remainder is the 
"Ment latitude: then having the two latitudes, and the courſe, the 
liference of longitude is found by the ſecond. 

A a Exainp/e. 


Example. Given the Lizard to be in latitude 49 55 N, Barbadoes | 


1. 40 55 » 20 27 |. tan, 9*5620477 co, conſt. log. 913984895 | 
Log. tang. of the courſe 4950 10! . , . 10·07 59721 
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Now ſubtracting 36 45” from 4990557, the remainder 130 10' x, is the 
latitude the ſhip is found in. 


- — — 
——ñ— E—ä— —— — 1 — — . 
— — — — 2 * = _ — — 
>. - - - 
* 
— 4 = . 


— — ̃ —ͤbuß . cog. 


Log. tang. of the courſe 44110 531 ᷣ K , „ 99878400 


178 MERCATOR S SAILING. 


Example. Having ſailed from the Lizard, in lat. 496 55 / x, of: 
courſe 49® 597 107 ſouth-weſterly 3429*378 miles: required what lon: 
gitude and latitude the ſhip is found in. 

Log. of 3429*378 the diſtance failed . & ; . 3'535215 
Log. coſine of 49® 59” 1G” the courſe . . . 2588081933 


— 


Log. of 22057, or 36 45 diff. of the latitudes 0 0 3*343408 


By which latitude, now known, the difference of log. tangent 
will be found 3372605, and the further proceſs in nothing differ 
from the ſecond rule, by which the difference of longitude will be 
found 53 oof, 

Thus the dead reckoning by the log. line, and daily account of: 
ſhip's way, are duly kept, and the trouble very little more than by 
plain failing. | | | 
Theſe are all the caſes that occur in practice; the reſt, which ar 
moſtly ſpeculative, are either eaſily reducible to theſe, or elſe not to 
be performed by logarithms, and therefore come not at preſent unde 
our cognizance. 

But it is to be noted, that both the complements of the latitude 
are to be eſtimated from the ſame pole of the world; which may be 
from either; and therefore if one latitude be N, and the other s, to 
have their complements, you mult add go? to one of them, and ſub- 
tract the other from 9o, and then the operation will be the ſame 2 
in the preceding caſes. 

Example. Given St. Jago, one of the Cape de Verd iſlands, in the 
latitude of 14 56” N; and the iſland St. Helena, in latitude 1; 
45's, and their difference of longitude 30 12 E; to find the courle 
and diſtance. | 14 

St. Jago £29 28” . I. tan. 10˙1 1449656 l. 1812“ 3˙2581592 
2 Co lat. 18. ons 37 7% , Ltan. 3 conſt. HO oj 
2354120 its co. log. 56281714 


Log. ſec. of the courſe 44 11 53 . , R » 10144520 
Log. of 1841 diff. of the latitudes 6 > 0 5 3˙20 50535 
Log. of 2567875 diſtance of St. Helena from St. Jago 2374095750 
Or ik it be thought eaſier, when one latitude is N, and the other 5 
you may add go? to each of them, the ſum of the log. tangents e 
their halves (abating twice the radius) will be the ſame as the differ- 
ence of the log. tangents of the former. For an example take the 
ſame latitudes as in the preceding, ; 4 
14 560 = 104% 5& |. 20 287 |, tan. 101144 

Then ge. 15 57 = 164 og its half 152 52h l. ran, 101200 
The ſum (abating twice the radius) equal to the former diſtance 2354''* 
Alſo when both latitudes are of the ſame name, that is both N G 
both s, you may add go? to each of them, the difference of the lope 
tangents of half theſe ſums, will be the ſame as of the log. tange* 
of half the complements of thoſe latitudes. 0 
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OF THE TABLE FOR THE LENGTHS OF CIRCULAR 
\ARCS, | 


HIS is table 12, and conſtitutes page 340. It contains the 
length of every ſingle degree up to 180, and of every minute, 


an econd, and third, each up to 60. The form of it is obvious, the 
ng Wength of each degree, minute, ſecond, or third, immediately follows 
be Wing it on the ſame line in the next column. And the two following 


examples will ſhew the uſe of the table 


Ex,1. To find the length of an are Ex. 2. To find the degrees, minutes, 
. &c in the arc 1, which is equal to 
the radius, 


Take out from their reſpective co- 
umns the lengths anſwering to each Subtract from it the next leſs tabu- 


of theſe numbers ſingly, and add them lar arc, and from the remainder the 
all together, thus: next leſs again, and ſo on till nothing 


des remain ; and oppoſite the ſeveral num- 
' be % . 09948377 bers ſubtracted, will be the degrees, 
, to — minutes, &c; thus: 
ſub- 44 EE” 2133 . 
eu —_— ESI Given length 1*0000000 

the ſum or 175560000 is the 57” 24227 
the WW hol: length, and is equal to the ra- 51623 
1. Tr ©. 
urk | 2172 

5 

1591 a": 2 "i 


, 6 3 
So that the arc equal to the radius 
contains 57 17 44 48 


_ 3233.52 EE SRESi.S 7 - 
4 — — * . h — . Pp 


. a — — 
5 * 1 
2 — 1 


— — B ůp——˖˙*—ẽ m2 2 
1 N * 
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180 COMMON AND HTP. LOGS. 


OF THE TABLE FOR COMPARING THE COMMON AND 
HYPERBOLIC LOGARITHMS, 


F K is table 13, and is the upper _ of page 341, Tt contain 
the hyperbolic logs. anſwering to the firſt z00 common logs, and 
1s very uſcful for ſpeedily changing the one into the other. 


Ez. 1. To find the hyp. log. anſwer- Ex. 2. To find the common log, a. 
ing to the common log. 0'9542425. ſwering to the hyp. log. 2'1972246, 


Beginning at the left hand, and di- Subtract continually each next let 
viding the given number into periods tabular hyp. log. from the given nun 
of two figures each, including the ber, and from the remainders; ant 
index, take out the hyp. log. to each the ſeveral common logarithms 2. 
period, omitting two figures at the 24 ſwering to theſe tabular hyp. logs, 
period, four at the 3d, and ſix at the joined together, will be the com, log. 
4th; then add them all together, thus; required, thus: | 


Ark, h | p 

com. log. hyp. log. I S, 7 given *. gs, 
09. 24297232 17 JATGO 99 2270723226 

. . I2 5 2% "<0; 9 e 
— - B47 8. 
SECS =. 6a . 
—.— — — _ | 5584 
©'9542425 2'1972246 anſw. 24 £6) $366 
58 

14 „ 


9 542425 anſw. 


The remaining pages contain the ſmall table of the names and de- 
grees, &c, in the points of the compaſs; which needs no illuſtration; 
and a copious liſt of ſuch errors, with their corrections, as have been 
diſcovered in tlie principal books of logarithms; among which are many 
that have been detected by myſelf, both in the Avignon edition of Gat- 
diner, and in Gardiner's own quarto edition; which renders this lil 
more complete than any former one; and it will be found very uſe- 
ful in correcting thoſe Sava of tables which are already in the pol- 
ſeſſion of the public. As to all the editions of Sherwin's tables in 
octavo, the errors in them are far too numerous to be printed in ths 
work, as they amount to many thouſands, even in the edition 0 
1742, publiſhed by Gardiner, in which the laſt figures of the log? 
rithms are not generally accurate to the neareſt unit, ſo that even that 
edition cannot be depended on for nice calculations. 


TABLE 


ng 


FAST Et EL 
LOGARITHMS 


From 1 to 100000, 


(2) Numb. 1 to 100, and 
their Log. with Indices. 


"110.0000000 
210.3010300 
| 810.477 1213 

40.602000 
0.989700 


0. 7781513 56 
0.8450980. 
0.9030900 
0.9542425 
0000000 


52 
53 
54 
55 


56 
57 
58 
59 
60 


17075702 
17160033 
17242759 
17323938 
17403627 


17481880 
17558749 
17634280 
17708520 
17781513 


N. 


100 
101 
102 
103 
104 


"LoGARITHMS 
N. 


Log. 
0000000 
0043214 
0086002 
0128372 
0170333 


105 
106 
107 
108 
109 


1.041397 
10791812 
1. 1139434 
1.1461280 
1. 1760913 


I. 2041200 
1 2304489 
12552725 
1.2787536 
1. 3010300 


61 
62 
63 
64 
65 


| 66 
67 
68 
69 
701.8450980 


1.7 853298 
1.7923917 
1.7993405 
1.8061800 


1.8195439 
1.8260748 
1.8325089 
1.8388491 


13222193 
13424227 
13617278 
13802112 
13979400 


71 
72 
73 
74 
75 


ag ——— 
——U—— . 


1.8512583 
1.8573329 
1.8633229 
1.8692317 
1.8750613 


1.8129134 


110 
111 
112 
113 


115 
116 
117 
118 
119 


121 


123 
124 
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1.4149733 
1.43 13638 
1.447 1580 
1.4623980 
1.4771213 


76 
77 
78 
79 
80 


— — — 


—— ——— 


1. 8808136 
1. 8864907 
1.8920946 
1 8976271 
1.9030900 


125 
126 
127 
128 
129 


— 


” s — 


1.4913617 
1.5051500 
1.5185139 
1.5314789 
[1.5440680 


81 
82 
83 
84 
89 
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1.9084850 
1.9138139 
1.9190781 
1.9242793 
1.9294189 


. 5563025 
1. 5682017| 
381.5797836 
3901. 5910646 
40, 1.6020600 


86 
87 
88 
89 
90 


— 
22 * 5 ” 1 a 
*% * > „ 7ð mu. ww — TT, CD NOD CE emanates 


; 
g 
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1.9341985 
1.9395193 
1.9444827 
1.9493900 
1.9542425 


"Tt 16127839 
421 6232493 
43/1. 6334685 
44 l. 6434527 
\- 45 . 6532125 


4611.6627578 
1.6720979 
1.6812412 
191.6901961 
501.6989700 


91 
92 
93 
94 
95 
95 
97 
981.9912261 
99 1.995632 
100 2. 0000000 


1. 9637878 
1. 9684829 
19731279 
19777236 


19822712 
19867717 


1.95904 14 


N| Log. 


| — 


131 
133 


135 
136 
137 
138 
139 
140 
141 
142 
143 
144 


146 
147 
148 
149 


N. 


120 
122, 


130 
132 
134 


145 


0211893 
0253059 
0293838 
0334238 
0374265 
0413927 
0453230 
0492180 
0530784 


1140569049 


0606978 


0681859 
0718820 
0755470 


0791812 
0827854 
0863598 
0899051 
0934217 


0969100 
1003705 
1038037 
1072100 


1139434 
1172713 
1205739 
1238516 
1271048 


1303338 
1335389 


1398791 
1430148 


1461280 
1492191 
1522883 
1553360 
1583625 


1643529 
1673173 
1702617 
1731863 


og. 


154 


155 
156 
157 
158 
15902013971 


1501760913 
15111789769 
3 


1986571 


1818436 
1846914 
1875207 


1903317 
1931246 
1958997 


— —— — — 
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N. 100 L. oc 


200 
201 
202 
203 
204 
205 
206 
207 
208 
209 


160 
161 
162 
163 
164 


2041200 
2068259 
2095150 
2121876 
2148438 


165 
166 
167 
168 
169 


0644580 


210 
211 
212 
213 
214 


2174839 
2201081 
22271650217 
2253093218 
2278867219 


170 
171 
172 
173 
174 


17⁵ 
176 
177 
178 


110589711179 


180 
I81 
182 


184 
185 
186 
187 
188 
189 


1367206 


215 
216 


2304489 220 

2329961221 
2355284222 
23804610223 
2405492 224 


2430380225 

245512711226 
24797330227 
2504200228 
252853011229 
2552725 
2576786 
2600714 
1832624511 
2648178 


2671717 
2695129 
2718416 


2803517278 


231 
232 
ol 
234 


23513710679 


236 
237 


2741578 
2764618 


238 
239 


191 
192 
193 
194 


19012787536 
2810334 
2833012 
2855978 
2878017 


161368011195 


197 
198 


2900346 
19602922561 
2944662 
2966652 
1992988531 


| Log. IN. 0 


240 
241 
242 
24319 


7 


et 


OF NUMBERS. 


7503979400 


3996737 
4014005 
403 1205 
4048337 


255.4232459 


40654 

40824 

4099331 
4116197 
4132998 
4149733 
4166405 
4183013 
4199557 
4216039 


42488 16 
4265113 
4281348 
4297523 


4313638 
4329693 
4345689 
4361626 
4377506 


D 
© 
© 


313 
314 


4771213 
4785665 
4800069 
48 14426 
4828736 


4842998 
4857214 
4871384 
4885607 
4899585 
4913617 
4927604 


14941546 


4959443 
4969296 


315 
316 
317 
318 
319 


2983106 
4996871 
5010593 
5024271 
5037907 


| Log. 


N. Log. 

35015440680 
351 
352 
353 


354 


355 
356 


397 


358 
359 


5458071 


5490033 


5465427 
5477747 


5502284 
5514500 
5526682 
5538830 
5550944 


360 


361 


362 


363 


364 
365. 
366 


367 


368 
369 


5963025 
5575072 
5587086 
5599066 


5611014 


402 
403 
404 


405 
406 
407 
408 
409 


410 
411 
412 
413 
414 


40116031444 


6042261 
6053050 
6063814 


6074550 
6085260 
6095944 
6106602 
6117233 


- 
_ 
N | 


Log. 


15016532125 
45116541765 
45216551384 
45316560982] 
45416570559 


45516580114 
45616589648 
4576599162 
45816608655 
45916618127] 


6127839 
6138418 
6148972 
6159501 
6170003 


461 


46 5627578 


6637009 
6646420 
665581 


66651 — 


5622929 
5634811 
5646661 
5658478 


_— 


322 
323 
324 


321 


32015051500 
5065050 


5078559 
5092025 
5105450 


4393327 
4409091 
4424798 
4440448 
4456042 


4471580 
4487063 
4502491 
4517864 
4533183 


325 
326 


327 


328 
329 
330 
331 
332 
333 
334 


5118834 
5132176 
5145478 
5158738 
5171959 


5185139 
5198280 
5211381 


5237465 


1548449 
4563660 
4578819 
4593925 
4608978 


4623980 
4638930 
4653829 
4668676 
4683473 
4698220 
4712917 
4727 564 
4742163 
4756712 


4 


Log. 


335 
336 
337 
338 
339 
340 
341 
342 
343 
344 


5250448 
5263393 
5276299 
5289167 
5301997 


5314789 
5327544 
5340261 
5352941 


5224442} 


5365584| 


370 


371 


372 


373 


374 
375 


376 
377 
378 
379 


5682017 
5693739 
5705429 
5717088 
5728716 
5740313 
5751878 
5763414 
5774918 
5786392 


5670264 


415 
416 
417 
418 
419 


618048] 
6190933 
6201361 
6211763 


6222140 


420 
421 
492 
423 
755 


426 
427 


142816314438; 


429 


6232493 
6242821 
6253125 


6283889 
6294096 
6304279 


6263404 
4246273659 


380 


381 


382 


383 


— 


384 


385 


386 


387 


388 


* 


389 


390 


391 


392 
393 
394 


8 


5809250 
5820634 
5831988 
5843312 


5797836 


1430 
431 
432 
433 


434 


5854607 
5865873 
5877110 
5888317 
5899496 
5910646 
5921768 
5932861 
5943926 
5954962 


435 
436, 
437 
438 
439 
440 
441 
442 
1443 
444 
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347 


345 
346 


348 
349 


N. 


5378191 
5390761 
5403295 
5415792 


E. 


5428254 


395 
1396 
397 
398 
399 


5965971 
5976952 
5987905 
5998831 


N. 


Log. 


6009729 


6334685 
6344773 
6354837 
6364879 
6374897 
6384893 
6394865 
6404814 
6414741 
6424645 


6444386 
6454223 
6464037 
6473830 


[42516483600 


1446 
447 
448 
449 
N. 


6493349 
6503075 


6512780 


6522463 


| Log. 


6434527 


| 


484 


4656674530 
46616683859 
4676693169 
46806702459 


469 
470 


472 
473 
474 


47116730209 


711728 
6720979 


6739420 
6748611 
6757783 


475 
476 
477 


478 


6766936 
6776070 
6785184 


438 4786794279 
6324573 4796803355 


480 
481 
482 
483 


6812412 
6821451 
6830470 
6839471 
6848454 


285 
486 
487 
488 
489 


7 


49116910815 
4926919651 
49306928469 
49406937269 


6897417 
6866363 
6875290] 
6884198 
6893089 


6901961 


49516946052 
49616954817 
49716963564 
49866972293 
49916981005 


N. Log. 


„ 


= 


— 


A 2 


(4) 7, HOOKS HM 8 3 500 L. 80 
N.] Log. | N.] Log. N. Log. N. Log. IN. Log, 


5005989700 550 7403627 |600/7781513| 556 8125134 700 0450900 
5016998377 5517411516 6017788745 65 181358 107018457180 
5027007037 5527419391 6027795965 [6528142476 7028463371 
5037015680 55307427251 6037803 1735308149132 703 
5047024305 5547435098 6047810369 [6548155777 704 


5057032914 5557442930 6057817554 165518162413] [705 
5067041505 567450748 6067824726 65608 169038 706 
507 7050080 557 7458552 (6077831887 [6578175654707 
5087058637 558 7466342 66087839036 [65808 182259 ou 
509 7067 178 [559,7474118] 6097846173 6598188854709 


5107075702 560 748 1880 6107853298 608195439 710 

5117084209 5617489629 6117860412 6618202015 711 
5127092700 5627497363 61278675 146628208580 712 
513/7101174 563 7505084 6137874605 6638215135713 
514% 10963 164 751279114788 1684 6648221681014 


5157118072 5657520484 6157888751 565.8228216 715 
51607126497 5667528164 6167895807 666608234742 716 
5177134905 6775358310 [6177902852 66782412580 717 
5187143298 568 7543483 6187909885 (66808247765 718 
5197151674 56975511230 [6197916906 6698254261719 


520 7160033 5707558749 162017923917 970250548 72018573 


5217168377 5717566361 [621]7930916| [671|8267225| [721 
5227176705 5727573960 622 7944880 67218273693] 1722 


— on % - * 
— — ————— Err 4 1 þ4 fi * — Soo 
a - — —<w_ =_ — hes — — 
26” _— a Y d » a _" W 2 5 A 5 end 
RL. —_ o - — — 
* — 
— — 


—— 


5237185017 573/758 1546 6237944880 67308280151//723 
5247193313574 7589119 [6247951846 [67418286599] 724 


525 7201593 575 7596678 625 7958800 67518293038] 725 
5267209857 576 7604225 6267965743 6768299467 726 
5277218106 577 7611758 6277972675 6778305887 727 
5287226339578 76192780 628 7979596678083 12297 72886213] 
520 7234557 579 7626786629 986506679 8318698 7298627275 


5307212759 5580 7634280 607593405 6808325089 730863525 
53172509450 5817641761 (63 18000294 [68 1833 1471073 18639174 
5327259116 5827649230 6328007171 6828337844 73288645111 
53307267272 58376566860 63308014037 6838344207 7330865 1040 
53472754130 5847664128 6348020893 6848350561 7348656961 


535283538 [585/767 1559] [63518027737] 6858356906 735866287 
5367291648 5867678976 6368034571 6868363241 73608668778 
537 7299743587 76863810637 8041394 [687 8369567 7378674675 
538 7307823588 7693773 63808048207 68808375884 73808680564 
539731588889 7701153639 8055009 6898382192 7398686444 


5407323938 5907708520 640 8061800 6908388491 7408692317 
541733 19730591 7718875 6418068580 6918394780 74108698182 
1542/7 339993] [592/7723217| 6428075350 6928401061 7428704035 
54307347998 593730547 643 8082110] 693|8407 332] 7438709888 
5447355989 594737864 6448088859 694 8413595 7448715725 


545 7363965 595 7745170 645 8095597 [695 8419848] |745|8721563 
546 7371926 596 7752463 6468 102325 696 8426092 7468727388 
5477379873597 7759743 647 8 109043 697 8432328 7478733200 
5487387806598 7767012 (648 8115750 698 8438554 74808739016 
54917395723] 15997774268] 649 8122447 6998444772 749874481 
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17] 7703[7956|8209/846287 15]8967|922019473[9726[9979][z| 51] 5 
18/2350232[0484[0737/0990[1243|[1495[1748[2001]2253/2506{|3| 7% 7 
19] 2759011326435 17769 402242744527 7795032 12 
1720 52845537 5789567220455 476799705 27504 75500155 
21] 7809806 183 138566088 18 0703239575827 0079 % 
22236033 1058408360884 1592 184420972349 260 10% 

23] 2853031053357 3609386 1041130436546 17 4486951210. 

24 5373562558766 1280638066326884% 13673877639 
25 789181438394 86468898 915004015653 50905 601560 
26/2370408/0660/0911[1163[1414]1666[191712169]2420ſ2672]|,.. 1... 
27] 2923|3175[342613678[3929|/4181[4432]4683[4935(5186||2 
28 5437568915940(6191[6443|6694|6945[7 196/7448(7699||1] 25]: 

| 29]  79508201/8452]8703]8955[9206/9457[9708/995910210|Þ| 57 5 

1730.238046 107 1210963[1214/1465\/17 1611967|2218{2469[2720||4| ere 
31] 2971322233472723 039741225 4476727 7752285 12% 
32] 5479573098023 16482673269837 2347484773515 
33] 7986082360848 7873789889238 4899739 99900240 2 
34239049 10741099 212421493/17431993 22444942744 % 2271 
35 2995(324513495137 46{3996(14246/4496'4747 19975247 
36] 54971574715998|6248|6498\|6748!6998|7 2487 49817 748! 

37] 79988248084988748 8998 924894989748 99980248 
380240049807 4800997 1247 497/1747 1997½2247 24960746 
39] 209963246349837 4099504244444 74 449935243 

1740] 549215742]5992[6241164911/6740;0990!7 2391748917 738!!, 

41] 7988082378487 8736898592350 4840734998300232ʃ 

42/2410482/073110980[122911479j\1728/197712226/2476(2725 

43] 29743223[3472372113970|4220(4416947 18/4967|5216[4'"? 

44] 5465157 14]5963j621216461]67 10 695972087457 7705 

45] 7954820318452]870118950!!9199:94471969619945101941!- 

46/242044%069110940[1189]14371|1686'1935!2183/2432|2680|*|? 

47 29293178[3426(367513923!14172/4420[4669/4917[5166; 

48] 5414/566359 111600%6408%6656 690% 1531740117650! | 

49] 789808 1468305643889 1% 139 938819636/9884[0132]| _ | 
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F. 17500 L. 243 or NUMBERS. 27) 
N.] © 12 |3]4} 5 6 | 7 | © | 9 || Difer. 
7750/2430380/062910877]1125[4373 1621 211723652613 | 
511 2861310903357 3605038834101 4597048455093 | 
59d 53411558915837|6085[6332||6580 7076173241757 1248 14 
53 78198067 8315886288 1090589 3050533980 10048 
542440296 0549079 1039128601534 20292276 252410 25] 25 
55 27710192565 14761 4008 4256450304750 70908 4 32 
36 5324554925740 5987ʃ6234/6482 697607223 7470 4| 99| 99 
57 77181796518212|845918706!|8953 9448 96959942ʃ50(24 124 
5802450189 043600683 0930011771424 191802165ʃ24110%49/ 748 
59] 265829053 152339903646 38934140 4386.46 3348800580158 
1760) 512753735520 586761146360 6585471007347 Jes 
| 6i] 75948 40 8087 833865806820 932095669813 
622460059 03060552 0798 0104501291 1784020302277 
63] 252327690 01632623508 3755 4247449347400 
64 4986ʃ523254785724 59706217 6709669552010 ; 
—65| 744717693|793918185184311/8677 91694150661 
66] 9907015300399 0645089101136 1628187421200 25] 25 
67/2472365[2611]2857|3103[3349|3594/3840{4086[433114577|2| 49 49 
| 68] 438235068053 1455595805605! 65426787 70330 74 59 
69] 727875247769 80 15,8260 85068751899 79242487 230123 
1770] [ 9733997800223 0469 07140959 145016951940 %%48/147 
712482186243 12676 2921ʃ3 16603412 39024147 4392 4222 
72 4637 48825127 53725617 586261076635 269768 4221227 
73] 708773327577 782280678312 880290479291 
74 9636978 10026027 10515/0760 1249014941739 
7524919842228 2473 271829623207 369613941[4185 
76] 4430467449195 163054085652 5141538563004 
| 77] 68747119 736376077852 8096083408 85088 299073 5 
78 93189562980600 50002940539 10271127111515!|r} 24] 24} 
_ 79/2501759[2004/22481|2492127 361|298013224[3468[37 1213956!|2| 4% 49 
1780] 4200 4444688 402 1765420566498 15 19558 55 
81] 6639068837127 737176147858 8346|8590/8833||5|122/122 
82] 9077/9321!9564{9808|00521!0295 0783[1026|127061146| 146 
83/2511513[17 57(200112244{2488||27 31 3218 34627050 [711170 
_84|  3949141924435[4679]49221[5 166[5409]565215896(6139\\,|,23/.%0} 
85] 638366256869 711273557599 808508328 85710 
de. 88150058 93019544787 00300273005 1607591002 
8725212461489 17321975(2218ʃ0/246! 2946318903432 
88] 367513918[4161[4404[4647||4889 537515618[5861| 
89 6103 6346658906832 70740/7317 7802804508288 242 41 
1790) 8530877390169 258950109743 02281047 1107 13]},1 241 24 
91/2530956[1198[144111683[1926!|2168 2653|2895|3138||z| 48] 48 
92! 338013622/386514107|43491|4592 507615318155611|3] 73] 72 
93] $58031604516287|6529167721|7014 7498774079824 97] 96) 
_94 82248466/8709[8951191931|9435 9919016100403 7401450 
95½2540645 0886128 1370 6121854056338 2580 22 6 189 
990 3063033053847.3789 4030427245 1447564997 5239 194/193] 
6548172259646 2066447 66890693 171727414655 2187 
980 789718138[8380[8621[88631|9104 958798290070 
29255031205530079 4103612771819 20012242 2484 R | 
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1800 25527252966 3208 3449 3690039314172 44144655 48960 
ol 5137/5378 5619/5860(6102|6343[6584]6825[706617307|241| 
02] 75487789 8030827 118512187 53|89941923519475197 16] | 
03] 9957/0198,0439/0680/0921|1161[14021643[1884/2125] | 

042562365 26062847 30873328 356938 1004050429 1453 10 |! 
65 4772501305253 5494573459755 215645666 966937 | 
06] 7177741876587 8991308380620 88609 10193410 
07] 95820822 00620302054307 8302326415047 N 

| 08/257 1984/2224/2465[2705[2945[3185[342513665[3905{4146] 255 
09] 43861[4626]4866/510615346|5586[5826]6066[6306|6546|240, 

1810 678617026|7266(7506|774517985182251846518705|8945] |: 
11] 918594240664 29040144 03831062310863[1103[1342} |: 

| 1212581582[1822[2061/2301[2541127 80[3020[3259[3499[3738| |? 
13] 83978[4218|4457[4697[4936|[5176154151565515894/613 5 
144 6373066 126852709 1733075707 80980488288 8527 | 

15  876619006/9245|9484/9723|9963/020210441]0680/0919] || 

| 16/259115811398[1637[1876[2115||2354/2593[28321307113310 

| 17] 35491378814027[42661450511474414983[52221546115700} |: 

18] 593906178 6417 66556894 7133/7372 761178498088 239 
19 8327 85668804 90432825219 75999980237 0475 

182026007 140052 1191143001668 1907 2145/2384(26222861 

| 21] 2009 333835768 15040534292 453047695007 5245 

22 54384572296061 996437 667569 147 15273907628 

93] 7867 810508343858 1882090589 29695349772 0010 

2426102480 48607250963 020114391677 9 152153239133 
25 26292867 3105ʃ3343/3580038180405642944532 4770 

26 5008[524615483[572115959[6197|6435|6672]6910/7 148 

27 7385176231786118099[83361/85741881119049[9287[9524 
280 976299990237 047507 120095001187 142516621900 

292622137 23742612 284903087 3324356237990 40364274 

18300 4511 774849865 2235460 5597 59356 17264096646 
31] 6883½712173587 595783208069 8 3068543878 19018 

32 925504929729 09660 203044000677 09 141151013880 [921 
33.263 1625/1862 2098233525720 28090304603283 035203757 237 
34] 39932304467 47040905177 5414565 15887120 
35 63616597 6834707 17307 754477808017 82540849 f 
36 37278963 92009436673 090901460382061908550 | 
372641092ʃ1328 156418012037 227325 10 274629823219 s 
38] 3455/3691[3928[4164/4400[4636[4873[5109|5345|5581] |: 
39 _ 5817[6053(6290(652616762[6998/7234/7470/770617942],.. .| 

1840] 8178|8414/8650|888619122[9358/9594[9830/0066 0302] : 
4126505380774 10101246148 101717 195302189 24252660 

| 42 289663 13233680360 43839407543 1145464782018 
43] 5253/5489 57250/596006 1960643 1666676903 7 13873744 | 7 
444 76097845 808083 16855 108787 90229257 949397280 
45 0 99640199 043406700905 IIA0 1376 T6 IIHS46 EST |: 
4626623“ 17025522787 302302583493037 28039634199 4434 5 

| 47] 4669 9045139537 5609 584408063 155506785 235 

48 702072557490 772579608 1958429 86648899 9134 |g 
| 49 93699604839 00740309 05430778 10132480148 „ 
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a 234 
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E R 3830 23 
N II 5 6 | 7 CEE x 72 
L 5 6/3360 5941/6 = 34 
67__< | + 891 7215 11898 0863 5117 
5 140} 
1 FY 2656 = 320 0 2 
| N 2671717 299 7917 7196 r 44650 71765 0223 233 
b | 51 641 989 6601 376 950 2209 232 896 2| 47 
9 408 15 414114: 6116 95 93 6214 70 
92 879 67555577 671 288 99120 9146 3 3 
7 390 482 54119 6118 4429 4 93 
; 53 68109 673 4806 1190 162 4195 4699 956 9477 
8 4 115811399 57778538075 93309664 Au 
6 — 016 89 11158 28 693 097 6211 6 | 163 
55 578 985% 95 5137 297 6419 1662 99 - FM 
. 09 49 3006 88 429 9314 5 8118 
; 4115 8 nad, — . 555 0 
1 ee 61646997 e 1 5 — PE 
2 5 27 3 8 7 9 7 65 11 
be 0263049 30 8 55 07456878121 12 
1860 746 2362250512828 53 7953 051310 71 — 5861 3 * 
a 62 2129 92/4 7487 47 06/2 30539 7902 * 
70 9046 254 15000 26 516 719 0506 6113 
, 63/2 445 702117 82198 2374 31 717 274 6 * 
| . 1 49 48 0 82 186 
6G 9349 1908 * $699 9575580 — 1914/5146 3 
655 6 4 7 7 0 4 46 > 
| 6719711443 400 —— 5 9345 1898 145011682 — fon 231 
67127 $769 6325 271 1114 3986|4218/4450 = 9549 5557 40 
f 68 609 888 143 986 37 6193 65 my © 6 
= 70/120 379 305 854 163 180 25] | 92 
1 1870 720738 3290 84116 911862 1171 _= 649 9037 5 139] 
5 712 3058 561005 59183 939 48603 31162 8806 1347 . I 62 
9 78 818159 08/0 403 60 574 16 Ms 
il 502925 5112891967 2996367 ie 
| 74 01310 27 337 81 310 195 35596 230 
8 27300 560 0515 50178 042 6413 57 8273 230 
| 750273 2802 51 765 192 29 504 42 8 23 
| 1920 5 e 70 0 5 2889] | i 
, 77 695 499 227 4811 35007 87/0 260 87 4 92 
5 78 926819 [ 119117 56098 22422 56051 9 Suid 
1 5781180 50 817 96 219 4726149 748 5 28 
| nl "= 173111961 96/1726 056019790 Nie 
0 * 175 6427 8964 * 1555 4265 von ID * — 8 +. 
7 61 734 0 r 9 18 38 20 
0 82 0318 127 0514 806 1400/1630 58/4 9050 
. 85 1039] 38 633 870 00 41 86 229 
| 83 809 3574 108 8 0114 3929 eee . 
7 84 413 587 409 10 913 996 218 4 
6 511 5647 7908 0/094 346 976 3 875 1277 of & 
' 85 1 4 47 3239 Ad meth noe e 12 
) 88/276 20125 07805 0478 035 2882 405 56 8154 100 
1 23 8485 5176 "bbs vo ps 17505 . 8183 
bs 11890 91517 11967 2194 717 381746 9986 50402 I 9 
99 6 944 965 88/4 723 57 62 9021] 1 
91 211 601 44 9 8197 227 92 7 
12 Fu 9 173 58| 700 928 47 4/47 730 Pts. 
_ 92 206 42 780 9119 8120 456 0791/30/ _ 
5 71 029 6 29 81 5 70 
* EY Te 4106 15 f 
47 | 12 111 38 639 . de 8 — 
71 | 86 118 48 4 - 6 — 
1 5707 | &. 1 
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124) Loc ARTT HMS N. 19000 L. 278 
N. o [:ſ[2|3]4]5[6|7|8|9 b 
1900(2787536/7769/7993[8222/84508679(8907[9136/9364/9593| = = 
01] 9821/0050/0278|0506/0735{|0963/1192[1420[1648|1877] |, 
02.2792105½2333/2562 2790 301803247 347503703393 14160 
03] 43884616048 445072530155295757 598562136441 |; 
041 6669068987 1267354 75827810 8038082668494 8722 228 
05] 8950j9178[9406[9634/9862||0090(0317/0545|0773,1001] fe 
| 06/2801229]1457/1685[1912]2140|2368(2596/2824/3051/3279] |; 
07] 3507373503962 4190441804645 48731015328 55560 | 
08] 57846011239 6467669 46922/497377 7604 7832 
09] 30398287 8514874289690 197 942496519879 0106 
191028 1033405610788 [016124 LIA70 698 1925 2152 2380 
11 2607283406 13289 3516374303970. 4197/ 44254652 
12 4879]5106(5333|5560|5787|[6014|6242|6469|6696[6923| og, 
13] 71507377[7604783118058||8285[8512[8739|8966[9192|***|3 
144 94199646(9873[0100[0327\[055410781[1007[1234(1461 
15/2821688,1915|2141]2368/2595||2822|3048[3275[3502|3728| 
16] 83955/4182/4408|4635|4862|5088|5315|5541|5768/5995 
17] 62216448|667416901]7127||7354|7580|7807|8033|8260 
| 18] 84868712/8939[9165\9392|9618[98444007 1]0297|0523 
192830750 0976120214291655188 121072334 25602786 
1920 30123238 3465|3691|3917,/4143|4369]459514821|5048;226 
21] 52745500/572615952/6178|[6404|6630[6856|7082/7308 
22) 75347760 79868212 8438866388899 11503410567 
23 9793001902450 4700069600922ʃ114801373/1599 01825 
242842051 2276025022728 2954 317934053630 385604082 
25 4J430745330(4759498 4521054355661 588661126337 
26 65636788 701472397465 7690791608 1410836685922 
27] 88179043268 94937 1999440169 0394062008450 || 4 
282851070 12960ſ(21 1746974196224 28723097 
29! 33223547 3773399842234448 4673489805123/5348 7 
1930 — 5579 79860 23,5248 647866986925 748 773598 [{ 
1310 78238048082738497 872208947 9172939790622 98460 1 
32.286007 1'0296{0521 [0746'0970||119511420|1644{1869]/20944 P 
330 23192543276829933217 34423666389 1(4116340 |= 
34] 4565½789%50 1423804635687 59 1261363616585 22“ 
35. 681070347259 74837707 7932/8156(8381[8605 8829 4; 
360 905419278/9502/9796'99511017510399/0624/0848/1072] ( 
3728712960520 L745,ſ969 2193 2417 264102865 309003314224 
380 $3538; 3762398614210 44344038 488205 106533055544 |"! 
39] 5778600222640 66746898 7122734675707 79 3% % 
1990 8017/8241 8469 8689 8073 9136(9360/9584/9808/0032] |" 
28802550479 07030927 (1150 1374/1598/1821½2045/22690 |= 
42 2492271602939 31633387 361038344057 42814504] 22 
| 43] 472804952 175/539 95622 58456069 629265166739 
44 6096371867409 76337856 80798303 852687498973 
45] 5195541990443 98660089 03120536 07590982 1205 
4628914281652 1875098 23212544 2767 299032133436 225 
47 366038834106. 43294552 4775998 522154445667 
48 3890061126335 6558 6781070047227 7450 767378960 
40 811883418564 8787 901092329455 9678 99010120 
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7022172451746717690(79121[8134 8356/8579|8801/9023 8 
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256127823004 3225 3447 3668 3890 41114333 455 44 
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10 46624883 51035324, 554457645985 6 205642666400 | 

| 686670877307 7527 7748796808 1880840808629 88499 220 


9069928995 100973099500 1700390006 10083 10/1051 
295127101491¼711ʃ193121510/ 23712591028 110303103251 220 
347 103691039110413143510457147910 5011652315451 


50715891 6 IIe 38 16550 6770090 721074307650 
78698089 8309 8529 8748 8968 918894089627 9847 
296006710286 050607260945 116513851604 1824 2043 
226302482 2702.29223141 336135803800 4019 4238 
415804677 4897 51163365555 57745994 6213433 


5665268717091 73107529 7748 7968 8187 84068620 
884590649283 95029722 994101600379 059808170 219 
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3227 34463665 3884 410343224841 4760 4979198“ 4 44 
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3 
7505 7824803 8261 8480 8699 8918 013653559574 | 
979200110230 044800667 08861104 (132315421760 E137 

7 
8 
9 


© OO0w Oun Þ es 
— 
— 
O 


— 
CO 
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_89] 6348065666785 7003221 7439/7658 7876080948313 
858187498967 91850404 9622 98400058 0276049 4k 
29907130093 1114913671585 180302021½2239 2457 2675 218 
228993111332903547 3765 398342014419 46374855218 
5073529 1550957275945 616263806598 68 1670344 ũ 
2725274697687 790508 123 83408858 877689949211 |3| 65 
942995479864 0082/0300, 0517/0735/0953[1170/1388| |? 
3001605[1823/2041|2258|2476|/2693|291113128|3346|[3563] % 
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941196279844 006 100277 049407110927 


1577/J794/2010%2227 2443/266028 7603093 
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68] 3506/359513684/3773/3863||3952/40 41/4130 4219| 4309 
69] 439804487 457646654755 48449335022 51115200 
8700 5290.379468 55575640 97 35|9829[5914/6003/6092 
7618162706360 6449 6538 6627 67166805 689506984 
72] 70712251340 7429 751860867 5786875 
73] 796480538142823183210841084 998588 86778766 
238559449033 123212 930103909479 95689657 
75] 9746/9835,992400130103,0192/0281/0370/0455 05480 
76688063707 26/0815 0904/0993! 1082 117101260 1349/1439 
7 15281617 47061795 188419732062 215122402329 
7 2418022507 259626852774 28632952304131303219 
2330803397 3486/357 513664137 533842393 140204109 89 
4330] 41984287 437644654554 46434/324821 49100999 
I] 5088[5177|5266,5355[5444|'5533|5622157 1158005889 | 
82] 5978(6067|6156/6245[6334|/6423]6511/6C00/6689[6778 
33] 6867690567045 134722373127 401½7 400757976680 | 88 
_$4|__ 7757781517934/8023[8112/\8201[8290(8379|8468|8557] |, 
85] 8646/87 35|8823/8912/9001|,9090[917919268|9357[9446] |2|18] 
30% 9535624971298010890 99790680157 024603350 | [26 
576890 423005 1206010690 077908680957 1045/113412230 435 
% 131211401114901157911667|175611845[1934/2028/2112] 5 
9 220002289 237824672556 264527332822 201130000 e 
800 3089/3177j8266/3355(34441[3533[3621[37 10,3799,3888] 25 
Il 397704065 41544243/4332 442145094598 4687 47760 09 
92 4864495350425 13152205308 053 9754865575 5663 
9% 57525841 593060186107 |6196|628516373|6462/6551 
2 660640672868 176906995 70837 17272617350 7428 | 
9 752717616177047793|7882|797118059|8148|8237|8325 | 
9 841465030859 186808769 |8858|8946[9035[9124/9212} | 
9 930193909478 9567965697 4483309220010 0099 
9 6900188/0276/0365/0454/0542 063 1072008080897 0986 | 
— 0741632521340 1429 15 18016061695 178418727 
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(84) LOGARI THS N. 490 
enn 
14900 69019612049 2138 mY 9315(|2404/2493[258112670'/2758 
ol] 2847/2936/3024/3113/3201|;3290|3379|3467|3556|3644 
021 8373313822[3910]; 399914087 41760426543530(4442 4530 
03] 46194708 4796488504973 5062515052395 327 (5416 
04] 55055593 568257705859 5947 6036{6124|6213/6302 
—05| 639054796567 6656 5774 6833 6021 70107098 7187 
06] 7275,7364 7452754176307 18 7807 789579848072 
07] 816118249 8338084268515 8603 86928780 886908957 
08] 90469134 922393119399 9488 957696659753 9842 
09] 9930/0019 010701960284 0373 046 100550 06380726 
4910069108 15/903/099 21680 1169/1257 134614341522 (1611 
11] 16991788 1876019652053 21412230 23182407 2495 
12 258426722760 2849 2937 30263114(3202329 13379 
13] 346803556036443733 3821039103998 4086417504263 
144 43524440 4528 4617 470547934882 4970505805147 
15] 523505324541 25500 55895677 576558545942 6030 
16] 6119 620762956384 6472 6560 66496737 68256914 
17] 7002 7090½179½7267 7355 744475327620 709.7797 
18] 7885797480628 15082388327 8415080308592 8680 
190 8768088878945 903300121 9210192981938619474\9563 
2920] 955197390828 9916/0004 6002 618102690357 0045 
2116920534622 07 100798 0887 097510630115 101240 1328 
22 141601504(1593/¼168 1017691857 1945020342122. 2210 
23 22982387 2475/25632651 2739 2828029163004 3092 
24 3180326903357 3445/3533 36213710 37980 38863974 
25 40062 4151/½ 42394327 4415 45034591 1680 7768 1856 
26 4944/5032 12052095297 5388(5473556 1056495737 
27 58265914 60026090 617806266 635464436531 6619 
98] 67076795 0688306971 70590714807 23673247412 7500 
29 75887676776 47853 7941080298 117 820582930838] 
1930] 846908557 8645/8733 8822 89108998 90869174 9262 
311 935009438095269614 970297909878 996700550143 
3269302310319 0407049830067 10759084709 25%(1023 
33] 1111/119901287 1375/1463155 1016391727 181501903 
34 199120792167 225623442432 2520260802696 2783 
35 2872296036483 1363234 3312 3400/348813576|3664 
36 875213839{392714015'4103{|4191142791436714455[4543 
37 4631141719/4807[4895{4983|'507115159(5247|[5335|5423 
380 5511ʃ[5599 568757755863 595 160390612606214 6302 
39] 639006478 656666546742 68306918700670947182 
1940 7209/3577445 7533 762 I 77097797 7885 7973 8061 
41] 3149082368324 84128500 8588[8676|8764/8852|8940 
42 9027/1152039 29 19379 946795559643 97309818 
43 990699940082 01700258 0345|0433/0521|0609/0697 
44 694078510872 0960 1048113601224 131213991487 1575 
45] 166317511839 19262014 21022190 2278 23662453 
46 2341/2629 2717 2805 2892 298003068 315603244333] 
47] 341903507 3595036823770 3858039464034 4121 4209 
48] 4297 438544724560 46484736 482449 11449995087 
49} 9517515262 5350/5438/5526 561315701[5789|5877|5964 
EE 9. 


Pts. 


N. 495 L. 694 OF NUMBERS. (85) 
Fon 
77506940052 6140 227 63 1505 491 6578 6666 67546842 

51| 692917017 7105 71927280 7368 74567543 76317719 

52 780617894 7982 80698157 824508333 8420350808596 

53] 868387718859 894690349 1229209 9297 93859472 

5 95609648 9735 98230911998 00860174026 10349 
556950470524 01207000787 08750962 1050 1138/1225 

56 131314011488 18761663 (175101839 1926/2014/2102 

7 2189/2277 2364/2452/2540 [2627/27 15/280212890/2978 

586 3065/3153 3240/3328/3416 13503|3591[3678|3766|3854 

99 3941/4029 4116420429 14379/4467 546447200 | 87 | 
960 — 4817 1901/4992 50791516711525515342,5430[5517/5605] 15 

61] $5692/5780/5867|5955|6042,6130[6217|6305|6393|6480] 26 

62] 6568 5655674383069 18700570 7 180/7268|7355] 46653 

63] 744% 530 7618½7705,½7793%½880½7968 8055081438230 504 

64] 331808405849385808668 8755 8843 8930 9018/9105] 15? 
65 919392809367 9455542 96309717 9805/0892 09080 35 

666960067 0155024203300 417 050409 206790767 0884 5,79 

670 004210291116 204, 12910/1379, 146 6155416410172 

680 18161903199 1½20780 21662253. 23402428025 15/2603 

69] 269002777 2865.2952040127321433023389 477 

770 — 35643651730 3826913400 1088 4176 4263 7350 

7443804525 461247004787 4874962 5049 513715224 

72] 531115399/5486[5573|5661|15748 5835 592360106097 

73] 61850627263596447 6534 66216709 67966889 6970 

4. 7058714507232 73207407 749475827669 77507840 

5 79318018 810581938280 83678455 8542 8620 8746 

7 38088918978 90669153 9240/9327 9418/5029589 

7 9676976485 199380025 0113/0200 0287 0374/0462 

80607059 0636 072308110898 09851072 1160 1247 1334 

79] 1421/1508 1960168301770 1857 1945 2032 2119 2206 

980] 229323812758 25552542 3729 2817 204.2991 3078 

8 3168325303340 3427 3314360103689 3776 863.3950 

82] 4037|1124/4212[4299/4386|447 3/4560 4647|4735|4822] 

83] 4909/4996(5083{5170(5257|,5345[5432/5519|5606|5693] | 86 
_$4] 57800867 595560426129 6216303 63906477 656% |, , 

85] 66526739 682659 137000 7087 71747201 7540 7e g 

9 25236610697 778478717958 804581328220 83077 34 

87] 8394084818568 865587428829 8916/9003 90909177 4 + 

99, 9264/9352/943919526/9613 [970019787 9874961 0048] [2143 

896980135 0222/0309 0396/0483|/0570,0657 0744/0831 0918 560 
90 1005 1092 L180 L267 1354 [Ag 1528 1615/1, 1702 1789 8, % 

9 18761963 2050213722423 1102398 2485|2572/2659| * |%'7" 

2 274628332920 3007 309431813268 3355 3442/3529 

93 3616/3703/37 903877 9644051138224 4311 4398 

I _ 4485/4572/4659/4746/4833([4920|5007|5094|518 115268 

95 3355 54425529 5616 5703 579058775964 6005 0.6137 

%| 6224 6311/6398 6485/6572 6650 674 6833 600 0/7007 

97 709371807267 735474417528 7615/7702/7789/7876 

8. 7963 8049,8136/8223/8310//8397 848485718658 8744 | 

— 383189189005 9092917909266 93539439 95269613 = 
rr D |Pts.| 


86) LoGARITHMS N. 500 L. 698 
N.j o i 2345 89 Dem 
5000 59897009787 98719951 0077 013402210308 0395 048929:9 
016990569 065507420829 0916003/1090 11762631350 
2 1437/1524 1611/1697|1784|[187111958/2045[2131/2218| 
03] 230523922479 23650 26522739 2826291302999 3086 
| 01 317332603347 3433.35203607 3694780867 3954 
05 40H1128/1214/1301]4388/|4475[4561/4648|4735|4822 
06, 4908049955082 5169/3255 5342429 551656025689 
07 577615863|5949/6036|6123|[6210/6296\6383|6470|6556 
08! 664367306817 60036990 7077 7163 725073377424 
00 751075977684 77707857 294480318117 820482910 87 
15010 8377 846485518637 872788118897 8984 9071/9157] |'| 9 
| 11 9244933119417 [9504/959111967719764/9851/9937}0024 |*/!7 
12 70001110197/0284/037 1/0457 05440630 071780408900 |; ;. 
13; 0977/1064/11150[1237|1324[1410[1497|1583[1670|1757 504 
| 14 1384319302017 210302190276 236324508580 2623] 65 
[15 27092795883 2960 3056 3142229 3316402 34809 
| 16) 83575 3662/37 88/3835/3922[4008/4095|4181}4268/4354] (f 
1 44414528 16147014787 48749605047 51335220 | 
18] 53075393480 55666535739 5826 59125999 6085 
19 .— 61726258 5234564326518 660556916778 6864695] 
5020 7087 71247210 729717383 77707556 7647720 81e 
21] 7902798980758 1628248 8335/8421 8508085940868] 
| 22] 876788548940 902711391999286 93729459545 
23 963297189805 98919978 0064015 1023703230410 
247010 9058300669 07560842 0929/1015/1101[1188|1274 
| 25 1351471534 1620(1706 1793879 1966052 2138 
| 26] 222523112398 2484 25702657 27430283029 1603002 
27 308931751(3262.3348(3434 [352113607 3694 37803866 
28 3953/1039 4125/4212/42984385[1471|4557|4644/4730 
| 29 4381649034989 50755162248 533454215507 5594 
0300 5680576665853 5939 60250 6112661980628 463716457 
| 31] 65436629 67166802 6888697570617 147% 2347320 
32 740617493/75797665 775278387924 8 01080978183 
33] 82698356 84428528 861487018787 8873896090460 | 86 
|_ 34] 913292189305 93919477 95639650 9736982299080 |, , 
35 9995/0081 0167 0254/0310|0426,0512\0598/0685[0771] |z|17 
36 7020857/0943[1030/111611202111288[1375|146111547[1633] 13/2 
| 37] 172011806/1892|1978(2064||2151/2237|2323/240912495] 45 
380 25822668 2754 284029 263013.3099 3185027133570 55 
| 39|__ 34443530 3616/37023788|[3874/3961/4047|4133|4219] 97/50 
15040]  4805[4392/4478|15641650,1736|1829/4909/4995[5081] 6 
41] $516715253|5339!/5425[5512\\5598|5684{5770{5856|5942] |* 
{ 42] 60280611520 1628763736459 6545663 1671746804 
ſ 43] 68906976002 14872347320 7406749275797665 
4227517837923 8009 809581818267 8353044085260 
| 45] 861286980878 887089569042 9128 921493000380 
46 9472955964573 1981799039989 0075016100247 
47% 0303330419005 059 100677 07630849 0935 1021/1107 
| 48] 11931279/13661452 153816241710 179618821968 
149 205421402263 122398 2484,2570. 265602742 282886 
Dre 


J. 505 L. 703 


OF NUMBERS. 


a 2 34 3 6 89 D Pro. 
7050 70329 14000 5086 3258 3344 3430 35763602 3688 
3946 411804204290 43764414547 
4805 497715063[5149/5235|5321|5407 
5493,557915665 5837592306000 6095618 16266 
652466106696 67826868 695470407126 
55, 721272987383 74697555 76417727 7899 7985 
807181578242 8414850008586 8758 8844 
89309015101 927393599445 96179702 
97889874096000460132021800303 0475 0561 
7040647 07330818 0990107601162 133411419 86 
1677 1848019342020 219212278 ö 
2535 27077922878 30503136 |? 
33933470565 365037360 38223 908.993 |? 
4251 43374422 45084594 4765148511 |: 
5108'519415280|5366,5452 56235709 f 
5960 613762236309 6480/6566} (( 
6823 699570807166 733817423) 5127 
768077667852 7938 8023 819508280 
8537 870908795 8880 905291377 
9394/94801956619651/973719823/9908/9994] | 
50707050080 0251 642205080594 0765850 
1107 1279413641450 162111707} | 
19642049 2135/2221 2305/22922477 2560 
2820 299103077 31623248 3333341990 
36761376113847|3933/4018|4104/4189}4275] | 
75 4350 TL 53217 703 1788 187449595045 5131 
5387[5473/5558|5614/572915815/5901/5986 
6243 6414/6499 658506670 67566841 
7098 71847269 73557440 752676117697 
79538039 81248210 8295838 184608552 
8808 88948979 9065 9015090236321 9400 
96639748 983499 1900050090 017600261 
527060347 043205 1806030688 07740859 103001116 
| 1372 1543\16281714 18851970 
2926 2397 |2483/2568/2653j27 39/2824] | 
313080 2251\13337|342213507|3593!3678} 2 
393414020/4105'\4190/4276'436114447j4532Þ 3 
4788[4873/4959/5044'5130|5215{530015386{ [4 
5642 58125898 598306068 615462390 5 
6495 66661675 1/6837 700717092} }-| 
3.7348 751911760417 690 7 86017 946 of 
8202 8372084578549 871318799} |? 
9055 9225 93109396948 19566651 
_ 99071999310078,0163/0248,0334/0419/0504 
_Y417070589/067510760/0845!0930|1016]1101]1186!127 111357 
11612 178318681953 2039218422009 
237912465 26352720 2805891297606! 
314632323317 3487357236358 382803913 
3998/4083{4169/4254/4339/4424/4509/4595/4680[47 65 
1850/4935{5020|5106/5191/5276[5361 553115617 
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(88) LoGARITHMS N. 510 L. 70% 
N. o 12345 6 789 D Ipo 
5100 70757025787 58725957 604 6128 62186298 638 6468] | — 
01] 6553/6638|6724/6809 68946979 70647149 72347319 
02 7405½7 49075757660 7745 7830791508000 808508171 
03] 8256834108426 851185960868 18766885 1089369022 
0 910791929277 93629447 95329617 9702978798722 
05] 9957 0013/0128 0213 0298 038304680553 0638 0725 
06 7080808089 3009 781063 11481238013 1801403/148801574 
07] 1659]1744[1829[1914/1999[2084|2169|2254{233912424| 
08] 250912594(267912764/2849|29341301913104(318913274 
09] 335913444[3529/[3614[3699|'3784{3869|39541403914124| 85 | 86 
5110] 4209 7294 379 1464 7570 463 447 19]4804/1889]4974| || 5 
11] 50595144[5229/5314(5399|[5484[5569]5654[57 3915823] |? 
12 95908[5993[6078{6163|6248||5333|6418[6503|6588[6673] 44 
13] 6758068436928 7013½709807183½/726807352¼743775220 43 
14. 7607 797777 78627947 8032811782028287 83710 % 
1 54568541 85268771 8790888189605 1513620 [$6 
160 93053900475 560 645973008 15000998 40060 9,7 
1770901540239 032404090 4940579066307 48 083300918 
18 1003[1088|1173[125711342]|1427|1512[159711682|1766 
190 1851193620210 2106219 1022752360244 283002615 
5120⁰ä 2700(278428692954 (3039312432093 293 33788463 
21] 354813633137 17138021388713972[4057[4141/4226]4311] | 
29] 4396144811456514650|47351/4820|4904[4989|5074\5 159 
93] 5244(532815413154981558311566715752158371592216006 
24] 60910176626 153456430055 1560066846769 6854 
ſ 25 6939/7023 7108071937 278 073027447 75327617 7701 
26 77861787 117955[804c1812511821018294[8379|8464/8548 
27] 3633718880388 8972057 1442200119395 
og! 94801956519656197341981919904[9988100731015810242 
29/71003271041210496[0581106664107 501083510920{100411089]: 
£130) 1174[1258{1343[1428[1512111597|1682[17661185111936 
311 202012105[2189[2274[2359112443|2528[261312697|2782] 
32 28661295113036[312013205|13290133741345913543|3628 
33 83713(379713882[3966[4051]|4136]422014305{4389[4474} | gs 
34] 4559/4643[4728[481211897||1982[5066[5151]5235|5320] | , 
35. 5404489557458 57435827 5912 5996 508 L616 % 2 
| 36] 62500633564 196504(65886673(6757 684269277011 30 
37] 209671807265 349% 4347518760687 777278560 43 
38] 7941802681108 19508279083648448 8533086178702 5 
39 3786887 189550400124 2099 2939378 94629547 7b 
[5140] 96317 1680088505 C005 40158 02230307 030% [5 
417110476056 100645072908 144%0898098301067 11212360 |" 
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3363 
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4691 
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2091 
2789 
3486 
4183 


5578 
6274 
6971 
7668 


1463 
2161 
2858 
3556 
4253 


1533 
2231 
2928 
3626 
4323 


1603 


2300 


2998 
3695 


4392 


1673 
2370 
3068 
3765 
4462 


1742 


2440 


3137 
3835 
4532 


4950 


5647 


6344 


7041 
7738 


5020 


5717 


6414 


7111 
7807 


5787 


7877 


5090 


6484 
7180 


5159 
5856 
6553 
7250 
7947 


5229 
5926 
6623 


7320 


8016 


1812 
2510 
3207 
3904 
4602 
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5996 
6693 
7389 
8086 
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8608 
9307 
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0706 
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8678 
9377 
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5948 
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2804 
3503 
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4900 
2999 
6298 
6996 
7694 


8393 
9091 
9789 
0487 
1184 


1475 
2175 
2874 
3573 
4272 


1545 
22455 
2944 
3643 
4341 


4970 
5669 
6367 
7066 
7764 


5040 
5739 
6437 
7136 
7834 


8462 
9160 
9858 
0556 
1254 


8532 
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9928 
0626 
1324 


1882 
2579 
3277 
3974 
4671 
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2649 
3347 
4044 
4741 
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6135 
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4420 
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6506 
7202 
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990419973 
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0854 
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0565 
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6092 
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(112) LoGARITHMS N. 630 L. 790 
N.] o uz eee 
6300(7993405[3474/3543|3612[36811/37501381913888[3957|4026| | 
| 01] 4095[4164[4233[4302[43701||4439|4508[45771464614715 
02] 4784/485314922/4991150601|5129|5197[5266[533515404 
03] 6473[5542[5611[5680[57491|5818[5886[5955]6024|6093] | 
04] 6162[623116300|6369|6438[|6506[6575|6644167 13|6782 
05] 6851069206989 7058ʃ712671957264 733374027471 
| 06} 75407609 7677 74678157884 958 8022809108159 
07] 822808297 836608435850 4l8 87308641087 1087798848 
08] 8917898690559 123 1929261093309 399 946809536 
09] 9605967497438 12988 194900180087 015602250 | 69 
6310800029062 043105000560 C638 0707 0775 08440 1%% 1 
11] 0982[10511111911188[1257|[1326[1395[1463[1532{1601] ||; 
12] 1670|1739]1808[1876[1945{|2014/2083[215212220/2289] | {x 
13] 235802427 24952564 263302702 277128392908 2977 55 
144 3046[/311513183|3252133211|3390{3458[3527|35961[3665 "i 
15 37343802 3871 394040094077 414642154284 435 2 |; 
| 16| 4421044904559 4627 46964765483 44903(497 15040 | lb 
17] 510915178[5246[5315|5384|[5453|552115590[565915727 
18] 579605865593 46002607 16 14062096277 634606415 
19] 648406552662 166 90675806827 (68966965 703307 102 
6320] 717172397308 7377 74467514 75837652 77207789 
21] 7858½7927½7995806408 13308 20182708339 84088476 
22 354586148682 875 188208888 8957 902690940 163 
23] 923293019369 9438 9507057596447 13978 10850 
244 9919998700560 1250 19300262033 1039904680537 
2518010605/067410743[0811108801|/0949[1017|1086|1155 1223] | 
26 1292/13611142911498[15661[1635[1704/1772[184111910 
27] 197812047|2116[2184|22531[2322[2390[2459[2527|2596 
28 266527332802 2871293903008 30763 14532143282 
29] 335134203488 3557 3625369 43763383 1089003968 
6330] 4637 410541744243 431243804449 4517 45864655 
31] 4723/47924860 4929 4998050665 1355203527 25340 
32 $5409/5478[5546|561515683115752/582115889|5958|6026 
33] 609561636232 6301063696438 65066575[% 6643067122 | 68 
34] 6781684969 1806986 705571237 192726 173297398 1? 
35] 7466,7535176031|767217740117809|7878|7946|801518083] | 2/14 
36] 815282208289 835784268494 8563863 18700876 | 37; 
37 83837 89068974043 1110180924893 17 3854544 3% 
38] 9522591659 7287960865 09330002 0070139 4 
398020208 02760345 0413004820550 06190687 0756082. |74 
6340] 0893/096111030[1098]11671[1235/1304[1372]144111509| % 
41] 1578[1646|1715/1783[18511[1920|1988/2057[2125|2194 
42] 226212331!2399[2468[25361[2605|2673|27 421281012879 
43] 2947[3016|3084(3153(3221113289|3358[3426|3495[3563 
44] _ 363213700/3769|3837[3906|[3974{4042/4111]4179}4248] | | 
45] 4316/43851[4453[4522145901[4658/4727|47951486414932 
46] 5001/5069513805206527453430(541 1480554805617 
47] $68515753[5822[5890[5959{6027|609616164{6232[6301 
48] 63696438|6506165746643|'671116780/6848!691616985 
49 70531712217 19072587327 73950 464753276007 660 
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51] 8421/8490 855808626086958763 883108900 89689037 
52 91059 173924293 10937809447 9515583 96529720 
531 97899857 992599940062 0130001990267 033500404 
54803047 20540 06090677 074508 1408820095 1/1019 1087 


55 11561224 1292/1361 1429/14097 1566 1634 1702 1771 
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74 412541894257 4325 4393/4461 45294597 46664734 
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77] 61646232/6300[6368|6437|6505|6573|6641/6709|6777 
78) 684516913|1698117049!/7118| 7 186|7254|732217 39017458 
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—89 443294397 44654533460 146694737 4805873941 
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93 70771157183 72517319½738774557 52375907658 
4 2772679 4786279307998 80668 13482028270 
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37 683506903 

38] 751017577 

39] 8184/8252 
6440] 8859/8926 

41 9533;9600 

4280902070275 

43 0881/0949 

4% 15551623 
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46 

47] 3577 3614371] 
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(114) LOGARITHMS N. 640 L. goß 
N. nn 
6400 806 1800/1868 2003207102139 2207 227502343 2410 
01] 2478254626 14/268 2275028 17 2885½295303021/3089 
02 8315713225 3360034283496 3564363203699 3767 
03] 38353903397 1/4038[4106{/4174/4242/4310]4378/4445 
04 451314581 471714784|[4852/4920/4988[5056|5 124 
05] 519152595327 5395 5463 5530 5598 566657345802 
06] 586915937 607316141||6208 6276063 4464126479 
07] 65476615 6751068 1806886 69547022 70897157 
08] 72257293 742874967564 763276997767 7835 
09] 7903970803808 1068 1748242 8309 8377 84458513 
6410] 85808648 87 168784885 108919 8987 9055 91229190 
11] 9258(9326(9393[9461[95291'9596 96649732 98009867 
12 90350003007 013802000274 0340 0 077 0545 
1380706120680 0816088300951 1019, 108601154222 
14] 129011357 1493/1560||1628/1696|1764|1831[1899 
I5] 19672034 210221702237 2305 2373024402508 2570 
16 2644/2711 2847|2914|2982/3050[3117]3185\3253 
17] 3320/3388/345613523|3591||3659|3726137 94/38621|3929] 
18] 3997 406541324200 4268 4395 4403447 1|4538|4606 
19 46744741 4877 4944 501250806147621505283 
20 5350/5418 5553 56215589 5756582458915959 
21] 60027609 41026230629/ 6530564325500 556805635 
22 670306771 6906 6974 7041½7109%½717672 47312 
23 7379744 758276507717778 5785379207988 
24] 80558123819 482580832083930846185298596.8664 
23] 573187908807 89349002 5069 913752045272 5340 
26! 940794759542 9610967897458 13880900 460015 
278080083015 10218002860353,%042 10188 0556006240691 
280 07590826 089409611029 /109611641232 129901367 
29] 143411502[156911637|1704|{[1772'1840[1907[1975|2042 
6430] 21102177/2245'2312/2380|{2117 ,2515[258212660!27 18 
31] 2785|2853/2920\2988|3055!{|3123/3190(3258[332513393 
32] 834603528/3593|3663\3730||3798|3865|3933|4000/4068 
33] 4136/4203[427 1/4338/4406'|447 3/4541|4608[467614743 
34 4811/4878/4946'5013[5081/[5148|521615283[5351{5418 
350 0486{5553/5620(5688[57 55|15823[5890 5958/6025 6093 
300 616016228[6295\6363|6430|6498[6565|6633|6700|6768 


6970 7037 :7105\|7172|7 2401730717 37517442 
76457712 7780\[7847|7914/7982;8049/8117 
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8994 9061 97128051960263 (933193989466 
9668 9735 98030870 99380005 00720140 
0342 0409 0477 04406120679 0747 08 14 
1016/1084 1151][1218[1286[1353[1421[1488 
1690/1757 182501892 196002027 20042162 
2220 2207 23612431209 2566026342701 2768 2830 
200329703038 3105317303240 3307(3378 
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5750 8095597 5504 5732 5790 5860 5934/6001 6068(613616203| 0 

51% 62706338 6405 647 265 40 6607 6674 674268096870 
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45 . 906919116([916319210192571193041935 119398 
| 46] 953919586[9633[9680197271[97 741982119868 
4796600090056 010310149 0196110243102900337 
48 0525057 20619/066607 130076000807 
49] _ 094810995[104211089[1136|1183[1230|1276 
N. | 


314851017 


r 


1 — = 1 — — 2 — — — — — 


1 
— r —- — Pn ns 


IN. 925 L. y66 OF NUMBERS. (171) 
N.ſ o [1iſ2[3]14\5[6 [7 [8] 9 TDirr 
9250 966141711464[151111558[1605{|16521699[174611793|1840Þ | © 
51] 188711934[1981[2028|207 5||2122]2168[2215[226212309 
52 2356124031245012497 2544259 1263826852732 2779 \ 
33 2826/2878/2919]2966(3013/{3060/3107|3154]2201\3248| | 0 
54 329533423389034363483 35803577 3629367003717 | 4 
55 376438113858 03905½ 3952 3999 704705304140 T8 7 
560 4233042804327 437444214468 451504562 1609/4636 | 
| 57] 470314750/4796/4843[4890\4937|4984/503115078/5125 | 
580 $1721521915266[531215359,(5406|5453[5500|5547|5594 [ 
59! $5641|568815735|5782|5828||5875|5922]5969/6016]/6063] 47 
9260] 6110161576204 62511-297|163446391[6438[6485|6532] || 5: 
61 6579/6626 6673/67 20/6766 6813/68601690716954/7001 1h 
62] 704870951427 188172351;7 2821732917376 74237470 4019 
| 63] 751775647610 7657 770477517798 7845789279390 5034 
|_64] 228580328079 8126817382208257 831483508407 | 1%} 
65 8454/8501 858 85958642 8689 578587828825 8876 258 
66 3923897090170 1109157920425 12989345 | gl4z 
67 39392 Ha 38 9485 0582579962607 %% 0% 71% 
68] 9860 9907 9954000100 48 0095 1411880235282 
699670329 0376 04230469005 16056906 100657 070407 50 
220 0797 0844 089110938109851[1032}1078(1125[1172/1219] 
71] 126611313 1359140614630 15001547 159416411687 
72 1734178118280187 519221968 201502062 2109/2156 
| 73] 22032240 2296.23 43023902437 248 425302577 2624 
240 267127182765 28112858 2909522999 304603092 
| 75] 31303186328 280 3326 38734203457 35143561 I 
76 360713654 370137483795 384103888 3935/9824029 | 
77 407641224169 4216426343 10435674408 44504497 | 
78] 454445904637 4684473 10477804825 487 14918 4965 | 
79] 501215059|510515152151991|5246[5293[5339|5386[5433 
52800 54805527 557356205667 57145761 5807 5854590170 
| 81] 5948599504 1608 80613506 1826228 6275632263690 
82] 6416646 2665090656660 366506696 674367906837 
83] 688469306977 7024707 1½7117½7164/211½/258 7305] | 46 
— 4 _7351/7398/744517492/7538|1758517632/7679/772617772| ; 
85] 7819 786679137959 8006805308 1008 146819308240 2/9 
86] 8287 83343808427 847485218567 86148661870 | 3/74] 
87 8754880188480889 58942 898890350082 91299175 (415 
88] 92229269 931693629409 94569503 9549959696430 5.8 
89 9690 9736978398309877 992399700017 00640110 | 7132 
92909680157 620402510257 684 68910438 048405810578 op? 
91] 0625 067 107 18076508 120858 090509520999 1040 |? 
92 1092113911185|1232/1279|11326[1372/1419|1466[1513 
9% 1559 1606(165301700 1746179301840 1886193301980 
— 4 C2027 2073212002167 221422602307 2354 24002447 
| 95] 249425418587 2634 2681 2728 2774 282128682914 
36 2961/3008[3055[3101]3148[|3195|3241/3288|3335|3382 
97 3428 3475352203568 36153662 3709 3755038023849 
980 3895/39421398914036[4082| 412941764222 42694316 
— 9 4362/4409/4456[4503|45491[4596'4643 2689473804788 
jo Tilzelz3lals {617 8 | 9:jD [Pts 
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2) LoGARITHMS N. 930 L. 968 
N.] o [ijl2ſ3 laſs leg |8 | 9 | LPr. 
130019684829/4876(14923[4970150161[5063]5110|515615208[3250] | 

| $5296[5343[5390543715483||5530|557715623[5670[57 17 

5763058 1005857 5903/5950997 6043060906137 6184 
62306277 632468706417 646465 106557 66046650 
6697 6744579006887 6884900977 7024 70707117 
715478107257 750475507507 74477537 [7684 
76307677 7724777078 17% 86479 107957 8004 8050 

07] 80978 1448 19008237 8284833008377 842484708517 

08] 8564861008657 8704487508797 8844889008937 8984 
| 09] 9030077124170 2172643 103574049500 48 
[9310] 94975543/959019637196831197 30/97 e eee 

11] 9963[C010/0057|0103[0150|[0196/0243|0290[0336[0383] || 
1296904300476 0523/057006 1606630709 0756080308490 4 
130 089609430989, 103610831129 /11761222J1269 0131606 [5 
14 136214091145611502[15491595[16492|168911735[1782} fl 

Is 1829 T8759 2 L868 2015 2062 TI08 2155202 25 [3] 

16 2295.2341½2388 243524812528 2574.2621/2668 27 14] [9 
| 17] 2751 280802854½290 1029472994 3041030870 184318 

18] 322732743320 3367 341334603507 3553036003647 
| 19] 36933740 37860383303880392603 9730401940664 113 
9³ 4159.206425 728873462392 4489 748545327578 

21] 4625/467247 180476548 11¼485804905495 1499805044 
22 509 1513805184523 152775324537 154175464055 10 

23] 8557 56035650569) 5743 57905836588.5929 5975 

244 602360696 11661626209 [62560630263 49639506442 
35 6488[653516582|6628|6675||6721|6768|6814|6861|6908 

26] 6954/0017047 704% 14071877234 728607327 7878 

27 7420746675 13589 760676537699 774677927839 

28] 788579327978 8025807281188 16508211U825808304 
| 29] 3351083978444 849185378584 363018677 872318770 
330]  8816/8863|8910/8956|9003|904919096(914219189(9235 

31] 928219328(9375(942219468|195151956119608(9654[9701 
| 32] 5747794840887 993399800027 007301200166 

3397002130259 09060352039904450292 058800585 
| 34] 0067800724077 108 18 0864 09 110957 1004105001097 

35 11431190 12361283152 73761422 1461515156 

36] 16081655 1701174801794 18410188801934(198 12027 
| 37] 2074212002167 2213/2260 2306235302399 24460249 

38 253925852632 2678 2725 2771028180 2864291102957 
39 2300430503097 3143 3190328603283 3329387603422 
9340 36935153562 36083655 370137482794 841887 
| 41] 3934398004027 4073 4199 41664213|4259|4306[4352 

42 4339904445 44924538 458546314678 472447714817 
43 148634910 495650035049 509605 1425 18952355282 
2288575 54215468 5514 55615607 555457005747 

3s| 57995840 588605932 507950256072 51I8 61656211 

46 6258 630463516397 6444 64906537 6583|6629|6676 

47] 657276968 156862 690869557001 70487094141 

48] 718717233/7280/7326 737374197466 75127559 7605 
1 49 76527698 77457791 783778847930 7977 2 5 
TILL 
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7 . 935 L. 970 OF NUMBERS. (17370 
brennen 
55500708 6863820908255 [8302 [8348 8395 [844 l A488 853cqcq— 
; 511 $858118627186731872018766118813[8859|890618952|8999 
; 52 9g045190911913819184{923111927719324[93701[941619463 
53] 9509195561960219649196951[9742197 88|9834[9881[9927 
54] 9970020006701 130 159% 206025 202990345391 
3597106438 6484053 10577 0624 67007 Te.O7 631080910856] | 
56 090210949109951104111088|]1 134[11811122711273[1320 
57] 136611413114591[1506[1552111598116451169111738j11784 | 
58| -1830/187711923 1970/2016 206212109[2155|2202|2248 
590 92294[2341123871[2434(24801125261257312619/2666|27 12 47 
0360] 27582805285 1 2898 2944299003037 3073/3 130.3176 13 
61] 3222326933 153362 408345450 103547 35943640 , 4 
62 368637330 3779382603872 39180396540 1104057 41044 415 
63] 415044197/4243/428 94336 4382044294475 45214568 4 
64 461446604707 47530480048 464892 49394985 508! Wh 
65| 50785124 5T71 2775258 5310356540254 5455 | 3133 
66] 554255880 5634%568 105727 5773582058669 1259590 444 
67 6005605260986 144619 1062376283063 30637664227 
68] 64696515 — 6654 67016747679 3068 406886 | 
69] _ 693269791702517071]7 11817 1641721117 257[7 3037350] | - 
9370] 73961744217489175351758111762817674177201776717813] | 
\ 71] 7859179061795217998[80451[8091[8137|8184{8230|8276 J 
72 . 8323|8369|8415[846218508:[8554|8601[8647[8694|8740] | 
| 73] 8786883308879 89258972 901890649 11191579 20g4] 
74 9249 92969342 93889435948 19527 95746209660 
| 75] 9713[9759/9805198521989819944/999110037[0083/0130] | 
| 761972017610222/0269 031510361 040810454/050010547!0593 
| 77] 0639068573207 800824 087 1009 170968 10101056 | 
78] 110211149/1195[124111288'[1334{1380[142611473[1519 
| 79] 156511612]1658[1704[1751|[1797]1843[1889[1936[1982] 
$380 2028 2075 2121 ZI67 2142260. 23662852 2399 2445 
| 81] 2491/25380258 4263002677 27 23276928 15/2862 2908 
82 2954[3001|3047[3093[3139.|3186[3232|3278|3325|3371] | 
83] $3417[3463[35101[3556[3602 [3649[3695[3741137 873834 
84] 3880[3926/3973[4019]4065!}41 1114158 420442504296 
85 7343 4389 J35 44824528 75744620 4607 47 13 4759 
86 480514852/4898[4944 4991 5037508305 1290517605222 
87 5268053 14536105407 5453 550055465592 563805685 
880 5731](57775823 5870059 1659626008606 101147 
| 89) 619306240 6286633 263786425647 165 17656306610 
Þ390| 55566702 67486795 684 1 887 6933 698070257072 
| 91] 7118/7165½/7 21172577 303%7 350739674427 4887535 
92 7581176271767317720/7766(|7812/7 85817 9051795117997 | 
93] 80438089 813681828228 827483218367 841308459 
235068552 8598086448690 87378783088 2988758922 
95 8958 901400600107 5153 51595245 92910338 03844 
9%| 9430094769523 9569 9615966109707 975498009846 
97 9920993809985 003 100077 01230017000216026 20308 
9897303540040 100447 04930539 0585063 2067807240770 | 
8160863 09090955 100 1104810941 1401186122277 
TILL 
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174) LoGARTTHMS N. 940 L. 973 
Emu 
9400[973127911325|137111417[1463||1510|1556] 1 602|1648[1694] | 
ol] 17411178711833[1879[1925||1972]2018|2064[2110[2156 
| 02] 2202]2249/2295[234112387|[2433|2480[2526]2572]2618 
| 03] 2664/271112757/[2803[28491|2895{\2941[2988|3034|3080] 
| 04 3126]3172/3219]3265[331113357|3403[3449[3496|3542 
| 05] 3588 36343580727 377303819 86555711557 004 
06] 40504096 1424418804234 428104327 4373441904465 
07] 4511045580460 4465046964742 478848350488 14927 
08] 4973501950655 1120515805204 2505 2965342538909 
543548 155275573056 19566557 1257588045850 | #7 
19410] 585565542 5989/6035608 16127 5178610, ; 
| 11] 635806404450 49 6654206588 5635568172777 3% 
12 681906865 69119587004 70507096 14271887234 405 
| 13] 7281/7327 775% 18% 75118870 0 esc ee“ | 518 
14 7742788 783478807926 79780 198065081118157 | 9:3 
15 820318249 82958342 8388 8434 8480 8520/8572 8618 6038 
16 866487118757 880308849 8895089418987 90339080 | gl: 
| 17] 21261729218 926431093564029449 0495541 
18] 958796339679 9725771817 9864 109560002 
19 9740048,0094 01200186232 0279 0325037 1041710463 
9420 0509/0555 06010647 06903/0740 0786083 208780924 | 
[| 21 0970/1016 1062 1108[1154|[1201/1247|1293[1339|1385 | 
22] 143111477/1523[1569[1615||16611708|1754/1800[1846| | 
23] 18921938/1984/2030/2076|2122/2168|2215[2261]2307| | 
24 2235902399 2445/2492537 25832629 26757217680 
25 28142860 290629522998 3044 30905 1363 I82 3228 
26 327433203367 341303459 3505355 1359736433689 
| 27] 3735037813827 3873919965040 11405804104 1170 
28 41964242 4288433 443804426 447245 18045644610 
29] 465647024748 4795½8 4104887 4933497902507 
54300 51175163 52095255 53015347 5353 5495485 5530 
| 31] 5872823670 57165762 580858545900 59 659% 
| 32] 6038608461306 176 2226268 63 146360406452 
33] Sass 65 44 5590568688729 5775 6821867 %% | 46 
34 69597005705 17097 7143% 1897 23572817327 78780 | 1 « 
| 35] 7419745 75117557 7603 7649 7697/747777 || 9 
36] 78797925797 18017806308 10908 15582010824808294 4 
237 834083868432 8478085248570 86 1608662708754 |, 
38 8800 8846 8892 893808984 9030/9076 91221682144 % 
39] 9260 9306 935293989444 949095360958 206 289674 | 713: 
540 57205756 5812 985809504 5550596004 0088 0184 46 5% 
419750180 0226/0272 031810364[[0410/0456/0502]0548[0594 
42 06400686/07320778[0824|108701091610962[1008[1054 
43] 11001146[1192/1238[1284[1330|1376|1422[1468[1514 
4 __ 156011606[1652/1698[1744|[1790[1836|1882[1928|1974 
45] 20202066112 2158022042250 29023412287 2463 
4 243925252871 26176582709 2755/2801284 2898 
427 2939298503 13077312303 169 215ʃ2610(330703353 
| 48] Ja aa8%4 1353788626571 67%81%“ 
49 3858 390439503996040 4240884134 41 8022602727 
N. Le lilel3f4 ils f6l7 18 | g Er. 
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945 L. 975 _ OF NUMBERS. (175) 
N.l o |:l2|314||5|6[7 18 | 9 [D|Pro. 


975431814364[441014456145021145481459414640[468614732] | 
47781482414870149151496111500715053[509915145\5191 

59) $23715283[532915375[54211\5467155131555915605|5651 | 

53 56971574315788(5834\5880(|59261597216018|6064!6110 

| 54] 6156620224829 4 6340 63866432647 8065236569 


55 66151666116707 755 6795 6845[689116937|6983|7029 
| 56] 70751712117 166|7212|7258|,7304[735017396[744217 488] | 
| 57] 753417580176261767217718|7763[7809178551790117947 

58 97993[8039|8085[8131'8177|'8223|826918315|8360|8406 


9450 


— — 
— — — 


| 59] 84528849885448590 8639086828728 8774882008855 — 
6150) 5078557 5005 5045 505551471 18702835270 525 |i| 5 
| 61 937019416 946219508 /9554|9600[9646|9692/9738|9784| | ;|14 
62) 982919875/992119967 (0013|005910105/015110197/0243] | sf 
| 63/9760288[033410380{0426 0472005 1800564006 10065607010 | 5|23} 
{ 64]  074710793/0839/08851093110977[1023[1069[1114[1160] 5% 
[65 115 1298 1344 139001436148 11527 1573U T6190 (8ʃ037 
66 1665/1711757 180301849 189419 40198620320 20780 | 9/41 
| 67] 2124 21709916 2261/2307\|2353[2399[2445[2491|2537 | 
| 68] 2582/2628] 


2674/2720/2766|\281212858[2904/294912995] | |} 
69) $304113087\3133|3179|32251\3270[3316([3362[3408[3454 
ell — 359213637 (36831!137291377513821{3867 3913 | 

3958 4004 4050 409644142 4188042334279 43254371 
72 4417/44634509 04554 460046464692 196 47 844830 1 


73 4875049214967 501350595 105/56 15005 196524252880 
744  533415380\542515471155171556315609156551570115746} 


75 5792 5838 5884 59305976 602116067161 e 6205] 1 
1 


76] 625 1629663426388 6434 648006525657 11661716663 
77] 670916755|6800|6846 7850| 735 6984170301707517 121 
780 7167172183|72591730517350| 7396074427488 75347579 
790 7625767177177763 78080 785417 900%/946 79928038 


9480] 8083 81298175 82218267 831283588404 84508790 
81] 854108587 8633086798725 8770088 1608862 890889844 

82 90009035 9091 913791839229 9274320 93669412 

83] 9458095039549 9595964 1968697329778 9824 9870 45 

| 84 991596100007 00530099 7 75 02360282032 


—¼ 


0556 


1 
8557703750041 04650571 66020645 06940740 078 % 
860 083 1087709230969 101410601 10/1 15211971243] |3 
37 1289 1935013811426/472 1518015641609 1655 7010 |# 
880 17470179301838 018849301976 2021½2067 2113/21590 f 
89] 22042250 229623422388 24332479 2525 2571261 35 
990 2862 708 27542700 284502891 2537 2582 5028 507% 57 

91] 312051650321 13257 3303033 49033943440 3486 35322 |? 
92] 3577036233669 037 15 3760 3806385203898 3943 3989] | 
93] 4035/408141264172 4218 42644309(4355½44014447 
944 4492/4538/4584/4630 46757204767 48124858 4904 


95] 495014995(5041/5087 5133[|5178[5224[5270j5316(5361 
96 5407545205499 5544 559056360568 1727 5773 5819 
97 586459 1059566002 6047 60930613906 18462306276 

98 6322636764 136459 650565 5006596664 26687 6733 


9 6779682508709 169627007 70532099 14517 190 
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n 16 218192 D Ets. 
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Los ARK ITA MS 


N. 950 L. 977 


9521 


777280 7282 


0892 
1348 


DEF 7373 
769317739 7785/7830 
815081968242 8287 
86078653 8699 8744 
9064110915620 


9507 95159658 
997810024 0069 


0983 


1440 


—— 
4590/4636 


1805 
2262 
2718 
3175 
3631 


4544 
5001 
5457 
5913 


63696415 


6826 
7282 
7738 


| 
| 


6871; 
7327 
7783. 


8194 


9106 
956 


0473 


32 0 


29607 
979001710063 


8239, 8285-8331 


I51 


519 


1897 19472 
2353/2399 


2810 


3266; 
3723 


44170 


5092 
5548 


5 


8 


9 


Pro. 


8836 


7465 
7922 
8379 


9293 


0115 
0572 
1029 
1485 


2855 
3312 
3768 


4681 
5138 
5594 


22251270 


6005 605006096 


6461, 
5917 
737³ 
7829 


8741 
9197, 
9653 


2296 


3207 
3662 


5484 


0929 


1385 
1840 


2751 


75 
1430 
1886 
2341 
2797 


1476 
1931 


2843 


1020 JO 


2387 
2888 


6506 
6962 
7419 
7875 


8787 
9243 
9698 


0610 


1521 
1977 
2433 


655 2 5598 


7008 
7464 
7920 
8376 


9288 
9744 


0109 01540200 
0564 


0656 


19750 
020710252 
066310709 
112001166 
157711622 


203312079 
249012536 
294712992 
340313449} 


| 


3832 


84248470 


8881 
9338 


9795 


8927 


| 


9384 


7602 
8059 
8516 


— 


7647 
8105 
8562 


8973 
9430 


9841 
0298 


1211 
1668 


386 


4773 
5229 
5685 
6141 


0598 
7054 
7510 
7966 
8422 


8878 
9334 


1431614362 


3905 


4818 
5274 
5731 
6187 


6648 


7555 
8011 
8467 
8923 
9379 
9835 


— 


1111} 


1567 
2023 
2478 
2934 


4118 
4573 
5028 


3253 
3708 
4163 
4619 
9074 


5529 


5939 
6394 
6849 
7304 


5984 
6440 
6895 
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12 757517620766417708|7752117797|784117885{792917974] 4ſ18 
13] 80188062/8107|8151|8195||8239/82848328|8372/8416] 5 
14 _ 8461(8505|85498593(8638||8682/8726|8770|8815|8859] 5/27 
15 385088947 89020365080 51219159 2130257 5301 {4/36 
16 9345390943447 895229567 961196559699 97444 |gl4: 
17] 978898329876 992199650009 00530009800 1420186 
18 9920230027503 19036300407 045 104960840058 40628 
| 19] 06730717 0761 0805 085008940938 0982.102607 
9820 11151159 1203 1218 1292 13361380 1424 1469/15 730 
21] 15571160111646/1690[1734|1778[1822/1867|191111955 
22] 1999020442088 213221762220 2265 230902353 2397 
23 2441/2486530 25742618 26622707 2751279502839 
24 22884 2928 2972 3016[3060/|3105[3149/3193[3237|3281 
| 25] $83326([3370/3414/3458|3502||3547|359113635|367913723j 
26 83768[3812/3856|3900(3944||3989/4033[4077|4121[4165 
27 4210/4254/4298[4342[4386|4431[4475/4519|4563[4607 
28] 465146964740 47844828 48724917 49615005049 
29] 5093513805 1822260527053 145358 540305447 5491 
9830] 553555795624 5608 5712 57565800 58445889933 
31] 5977602106065 6 109% 154% 1986242 6286063306375 
32] 6419064636507 655 16595 6640668467 28067726816 
33] 6860690506949 69937037 708 1½125%1707214½72580 | 44 
34 73027346 739074357479 75237507 761107655 7% % Ä 
| 35 7747788 783278767920 79648009 8053 8097 8 AII 2% 
36 81858229 82748318 836284008450 84948538 8583 (43 
37] 8627 867187158759 88038847 889289368980 024% 3 
38] 906891129156 920192459289 93339377 94219465 626 
39] 95105549598 9642 9686973097748 1998639907 65 
9840 595159950039 0083/0128|01720216/0260/0304/0348] ||? 
419930392 0436/48 105250569 06 130657 070 10745078900 % 
42 08340878/09220966[1010|1054[1098[1142|1187]1231 
43 1275/1319,13631407 145 1149518401584 16281672 
44 171601760 18041848 189301937198 1½20 25206902113 
4 2157/2201/2245/2290/2334|2378/2422/2466/2510/2554 
46 2598226422687 2731027752819 2863 2907 29512995 
47 30390308303 128 3172321603260 33043348 339203436 
48 3480035243569 36133657 370137453789 383303877 
49 392139654010 4054409841424 1864230 42744318 
N. z 34 56 is [9 D Pu. 


J. 985 L. 993 OF NUMBERS. 41830 
nne 
9850 9937352 7406 1450 7495 7539 4583 7527 671 77 T5 77590 
510 48034847 489149354980 5024.506805 1125 15605200 
52 52445288 5332376%4205464 5095305597 5641 
53] 56855729 5773058175861 5905949599 6037 6082 
| 54] 612661702146258 6302063 466390643 464786522 
55 6566 5610 6654 6698 674 6787 688 158756919 6963 
56 7007 7051709571397 18307227 7271731507359 7404] 
| 57] 74487492 753675807624 7668 771277567800 7844 
58 7888793279768020 8064810881828 1978241 828% 
59] 8329[8373|8417|8461|85051/8549{8593|8637|8681|8725] 44 
9860 — 8769 88 138857 890189458989 903300779122 91600 4/4 
611 9210925429803 4293869430474 18056296060 3.3 
62 965009694738 978 20826987099 14095800002 00460 4018 
| 63/9940090/0134/0178[0222[02661/0310/035510399[0443!0487] 52 
64 053 10057506 1906630707075 1079508390883 0927 - 
6] 097111013(1059|1103|TT47||11911235[1279|1323|1367] 455 
66] 14111145514991543[1587][1631[1675[1719}1763[1807] 45 
671 1851118951193911983/20271/207 121152189 2203/2247 
63] 92291123351237912423[24671|25111255512599[2643[2687 
69 973112775[282012864[29081|295212996[3040[3084[3128 
5870 — 317232163260 3304 3483302 3436480524568 44 
7136123656 37003744 37880383 103875039 190396304007 | 
72 4051140951413914183[42271/427114315[435914403[4447 
73] 4491453504579 4623 4667 4711047554799 484304887 
74] 493114975|501915063[51071|51511519515239|5283[5327 
75| © 53711541515459[550315547115591156351567915723|5767] | 
761 581115855|5899[5943[5987||603116075]6119|6163|6207 
77] 62511629516338[638216426|\6470(6514|6558/6602|6646| | 
78] 669067346778 6822686669 1069546998 70427086 
790 71307174½7218½7262730673507394½/7438 74827525 
9880 0 7569 76137657 77017745 778978337877 79217965 | 
$1] 8009805308097 814181858229 8273083 170836108405 | 
82 8448/8492/853618580[86241|8668|87 12|8756|8800|8844 | 
831 8888[8932/897619020190641|9108[915219196[923919283] | 43 
84] 9327937141549 5039547 95919635679 97230 |, , 
83] 9767 981198555899 9942 598500300074 0118 0162 25 
8699502060 25002940338 03820426047 0005 140557 06010 3/13 
87] 0645/0689 073300777 082108650 009%0953 0997 10410 7 
880 1085(1128[117211216|1260|11304[1348[1392|1436[1480] 8025 
890 1524[1568[1612]1656|1699][1743[1787]1831[1875|1919] 63 
9800 19632007 2051 2055 2139 21822226270 2314 2358 34 
91] 2402/2446[2490[2534(25781|2622|266512709|2753|2797 * 
92 284128852929 29 7303017306103 1043 148 31923236 | 
933 $328013324/3368134121[34561|13500|3543[3587 3631 3675 
94 3719 37630807385 1389539390398 24026 40704114 
95 41584202 4240 72904334 4377 44214465 4509 455) 
96 4597(4641(468547 290477 2048 16048604904 4948 4992 
97 503650800 51230(5167(52110525505299/5343,5387 5431 
98 547405518 556256065650 569457385782 58255869 
_99| 591305957600 10604560896 13306 1766220 6264 630800 
N. 8 111 5 18 a, I 8 | 9 [D Pts. 
— EEE EO On ere , 


LOGARITHMS 


N. 990 L. 999 


6396064406484 
68346878 
727317317 
77127755 
815008194 


2.1416; 


858918632 


9027 


9 


6747 


8369/8413 


8939 


071 


942294659509 9553 
9860 9904994809991 


9960298003 4203 8600430 


86800912 


078010824 


1219 
1657 


1262 
1701 


2095/2139 
253312577 


7185 
7624 
8062| 
8501 


9378 
9816 
0254 
0693 


2445 
2883 


1131 
1569 
2007 


297103015 
340903453 
384713891 
428514329 
472304766 


3321 
41104153 


4810/4854 5073 


3799 


4197 


4635 


686806911 


516115204 
559815642 
603616080 


524815299 


568665730 
612466167 
6474065 1706561 


5948 

638 

682 
695506999 1 


5511 


726 


73057340 
774317786 


8224 
8661 


0411 


739317436 
783017874 
826808311 
870518749 
90999 1439186 
953619580 
997410017 


55 


084800892 


1285 
1722 
2160 
2597 
3034 
3471 


1329 
1766 
2203 
2640 
3077 


3514 


7699 
8136 


8530857 
93619405 


9011 
9449 


979919842 
023602800323 
0629067300717 


0761 


2072 
2509 


9886 


1198 
1635 


2946 


3820 


3908 


3951 


43444388 


4781 
5218 
5655 


6092 
6528 
6965 
7401: 
7838 


4825 
9262 


5699 


6135 


6572 
7009 
7445 
7882 


4257 
4694 
5131 
5567 
6004 


460714650 
504305087 


3383 


67906834 


76207663 
8056 8100814481877 


6441 

6878 
7314 
7751 


inn 


EIL 


9 


— 


T— 


* 


\S G09 Ow ww »= - 


+ w tt 


"CE 


15 
6 
7 
8 
g 


5 


—_— —— 


N. 995 L. 99 OF NUMBERS, 0880 
N. o 12343389 P Pro. 
99500978231 827483 18083628405 84498493 85368580 8627777 
51] 8667[8711[87 55|8798|8842, 8885|8929{897 3]9016;9060 
| 52] 9104/9147/919119235[9278{9322|9365|9409{945319496 
53] 95409584627 96719715 975880208 459880 9933 
54| 99760020006410107/0151 0195(0238/0282 03250369 
5509804 1304560 50005440587 063106740718 07620805 
56 0849,0893/093610980[1023/ 1067|1111/11541198[124] 
57] 12851329 137214161460 18031547 1590163401678 
538] 1721/1765 180818521896 1939 198320262070 2114 | 
59] 2157/2201/2245|2288(2332'|2375|2419/2463/2506|2550\ 44 
5360 2593 2537 2681 2721 2768 2811 2855 2899 294212986] | 7] 4 
61] 3029/30733117|31603204|3247/3291[3335;3378,3422| 315 
62 3465/3509 3553359603640 3683'3727|3771/3814|3858| 48 
63] 390139450988 4032 40764119 4163042064250 429 5922 
64 433743814424 4468 4512 455545994642 46864729 6126 
65] 9773/4817 7860 904 4047 100150355078 5122/5163] | x; 
66 520905252 529605340 5383,/5427 547055145557 56010 | 9140 
67] 56450%568873257755819 586259065950 5993 6037 
68] 608061246167 6211625562983 426385 66429,6472 
69 651616560 66036647 6690 67346777 682168646008 
9970] 6952699577039 7082 7126 7169 7213 7256 7300731 
711 17387743174747518 756176057648 76927736 7779 
72 78230786679 1079537997 804080848128 81718215 
73] 8258 8302834508389 8432 8 476.8519 8563 8607 8650 
74] 8694 873787818824 8868 89118955 8998 9042 9086 
75] 9129/91739216(9260 93039347 939094349477 9521] | 
76 9564 9608/965119695,97391|97 82 9826 986999139956 
77 9990000 00430087 0130001740217 026100304 0348 0391 
780 04350479 0522005660609 06530696 074007830827 
79] 087009140957 100110441088 1131/1175[1218|1262 
9980 1305/13491139211436(1479 1523 1567 10 6654 5697 
81] 17411784 182801871 1915/9582002 2045208902132 
82] 217602219 22632306235023932437 2480 2524 2567 
83] 261102654 2698027412785 2828028722915 2959 3002 | 43 


_ 84 304603089 31330176220 32633307 3350339434 F 
85] 348113524/3568(3611/3655 3698742 37853829 387770 
860 391603959 40034046 4090413304177 4220 42644307 3 
87] 4350043944437 4481424 4568 4611465504698 47427 | 47 
88] 47854829 487249164959 500350465090 513351777 |; 
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| - — 2 0 
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— rr K IF hon 
- — —— ci ee een ts nee a f 8 


| 126 
89 5220652645307 53515394 5438548155245568 56110 7% 
9990] 5655 5698 5742 57850/5829 58725916 5959 6003 6046 5/34 41 
9 609016133 617716220|6263|6307|6350|6394/6437|6481] 8 | ; 
92 65246568 6611665506698 674267856828 6872/6915] 1 
9% 6959700 2704670897 133% 17672207263 7307 7350 I 
90. 73937437 748075247567 761176547698 77417785 i 
95 7828787179157958 8002 8045 80898132 817608219 | | 
960 8262/8306(8349/8393|84361|/8480'8523[8567\8610/8653 wht 
97| 8697/87408784/8827|887 1089 1480589001 9044/9088 WHY 
989 91319175/9218|9262{9305|[9349;9392/9435/9479/9522 nh 
_29__ 9566 96099653/969619739 978398269870 99130057 gi 
No [il2ſg3lſ4lsieſ7 [819 [Ditw | 
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(186) 


For finding Logarithms and Numbers to 20 Places of Figures. 


E LSD 


2. 


IN. 


1/600C0,00000,00000,00000 
2/30102,99956,63981,19521 
3 47712,12547 119662,43730 
460205. 999 13,27962 39043 
5 69897, 00043, 36018, 80479 


| 677815,12503,83643,63251 
7 84509, 80400, 14256, 8307 
8 90308, 99869, 91943, 58564 
of 95424, 25094, 39324, 87459 
10 C0000. 00000, 00000, 00000 


II 04139,26831,58225,04075 
12 07918, 12460,47624,82772 
13/11394,33523,06836.7692] 
| 14 14612,80356,78238,02593 

15/17609,12590,55681,24208 

16 20411,99826,35924,78085 
17 23044,89213,78273,92854 
18/25527,25051,03306,06980 
19 27875,36009,52828,96154 
20 30102,99956,63981,19521 


2132221,92947, 33919, 26801 
22 34242, 26808, 22206, 23596 
23 36172, 78360, 17592, 87887 
| 24 38021,1241 7,1 1606,02294 
25 39794, 00086, 72037, 60957 


26/41497,33479,70817,96442 
| 27/43136,37641,58987,31189 
28/44715,80313,42219,22114 
{ 29/46239,79978,98956,08733 
30/47712,12547,19662,437 30 

3149136, 16938,34272,67967 
32/50514, 99783, 19905,97607 
| 33/51851,39398, 77887, 47805 
34/53147,89] 70, 42255,12375 
3554406, 80443,50275. 63550 


3635630, 25007,67287,26502 
37 56820, 17240, 66994, 99681 
38 57978, 35966, 16810, 15675 
39 59106. 146070, 26499, 20650 
40 60205, 99913 27962, 39043 


41 61278,38 ,38567,1 19735, 49451 
42 62324, „92903, 97900, 546322 
43 63346, 84555, 79586, 52641 
44 64345, 26764, 86187, 43118 


Logarithms. 


| 46 66275,78316,81574,07408 
47 67209,78579,35717,46441 


45 65321 25137, 75343, „679380 


1 


N, 


Logarithms, 


51 
52 
53 
54 
99 


70757,01760,97936,36584 
71600, 33436, 34799, 15963 
72427, 58696, 00789,04563 
73239, 37598, 22968, 50710 
74036, 26894, 94243, 8454 


56 


bl 


66 


57 
58 
59 
60 


62 
63 
64 
65 


748 18,80 270,06200, 41635 
75587,48556,72491,39883 
76342,79935,62937,28255 
77085,20116,42144,190% 
77815, 12503, 83643, 6325 
78532,98350,10767,03389 
79239, 16894,98253, 87488 
79934,05494,53581,70530 
80617,997 39,83887, 17128 
$1291,33566,42855,57399 


67 
68 
69 
70 


$1954,39355,41868,67326 
82607,48027,00826,43415 
83250,89127,06236,31897 
83884,90907,37255,31616 
84509,80400, 14256,83071 


88 


95 


71 
72 
73 
74 
75 


76 
77 


85125, 83487, 19075, 28600 
85733, 24964, 31268, 46023 
86332, 28601, 20458,90107 
86923, 17197, 30976, 19202 
87506, 12633, 91700, 04687 


78 
79 
80 


8808 1,35922,80791,35196 
88649,07251,72481,87 146 
89209,46026,90480,40172 
89762,70912, 90441,42799 
90308,99869 /91943,58564 


81 
82 
83 
84 
85 


90848, 50188, 78649, $649,74918 
91381 38523, 837165 68972 
91907, 80923, 76073, 90383 
92427 92860, 61881, 65843 
92941, 89257, 14292, 73333 


86 
87 


89 
90 


91 
92 
93 
94 


96 
97 


93 449,845.72, 51244507, 7 Z Ib 
93951, 925265 18618,52468 
94448, 26721, 30168, 62639 
94939, 00066, 44912, 78472 
95424, 25094, 39324.87459 


95904, 13928, 23, 21093, 93, 59992 
96378, 78273, 45555, 26930 
96848, 29485, 53935, 11696 
973125 78536, 99698, 65969 
97772, 36052, 88847, 76632 


98227, 12330, 30,39968, 41336 
98677, 17342, 66244, 85178 


4868124,12373,75587 21815 98199122,60756,92494,85664 
49 69019, ,60800,28513,66142 99/99563,51945,97549,91534 
100 00000, 00000, ,00000, 00000 


50169897 ,00043,36018, 80479 


1 rand mas nul; Sinus Swans cad ano. Scos ] é & ee GCC 


Tab. 2. 


LoGARITHMS to 20 PLACES. 


N.] Logarithms. 


101100432, 137 37,82642,57 428 
102/00360,01717,61917,56105 
10301283,72247,05172,20517 
10101703, 33392,98780,35485 
105/021 18,92990,69938,07279 


106 02530, 58652,64770, 24085 
107% 02938, 37776, 85209, 64083 


3 87) 
N. Logarithms. 
151117897,69472,93169,43687 


152 
153 


18184,35879,44772,54718 


18469,14308,17598,80313| 


108.03342,37554,86949,70231 
100 03742,64979,40623,63520 
110 04139,26851, 58225,04075 


11101532, 29787,86657,43410 
11204921,80226,70181,61157 
113,05307,84434,83419,72280 
11405690,48513,36472,59405 


115 — 78403, 53611, 68365 


TT 06449, 79892,26918,47776 
/ 117106818, 58617, 46161, 564380 

11807188, 20073, 06125, 38547 
119 07554, 69613, 92530, 75925 
120 07918, 12460, 47624, 82772 


121 08278,53703, 16450,08150 
122 08635, "98306,74748,22910 
123/08990,51114,39397,93180 
124093 42,1685 1,62235,07009 
250969 1,00 1305 08056,41436 
25 10037,05451,17562,90052 
27. 0380,37209, 55956, 86425 
128 107 20,99696, 47868, 36650 
129, 11058,97102,99248, 96370 
130/11394,33523,06836,76921 


131111727, 12956,959764,26081 
132/12057,39312,05849,86847 
133/12385,16409,67085,79225 
134/12710,47983,64807,62936 
135[13033,37684,95006, 11667 


136 13353,89083,70217,5 1418 
137 3672,0567 1,6406, 76856 
138/13987,90864,01236,51138 
139114301,48002,54095,08016 
14014612,80356,78238,02593 


141|14921,91126,55379,90171 
14915228,83443,83056,48131 
14315533,60374,65061,80996 
14415836,24920,95249,65545 
145/16136,80022,3497 4,89212 


116116435,28; ,28557,84437,09629 
147116731. 73347, 48176, 09872 
+= 17026, 17153, 94957, 38724 
15 17318. 62684, 12274, 03826 

50 150117609, 12590, 55681 24208 


Gao 
So S 


161 20682,58760,31849,70958 


168 22530, 92817, 25862, 85365 


15418752, 07208, 36463, 06668 
15519033, 1698 1,7029 1,48 445 
156|19312,45983,54461,59693 
157/19589,96524,09233,73676 
158/19865,70869,54422,62321 
159/20139,7 1243,20451,48293 
160/20411,99826,55924,78085 


162 20951,50145,42630,94439 
163/21218,76044,03957,807 64 
164 21484, 38480, 47697, 88494 
165 21748, 39442, 13906, 28283 


166 22010, 80880, 40055,09905 
167 22271, 64711, 47583, 27998 


169 22788, 67046, 13673, 53841 
170, 23044, 89213,78273, 92854 


171 23299, 61103,92153,83613 | THY 
172 23552, 84469, 07548, 91683 1 
173. 23804, 61031,28795, 41456 | 
174 24054, 92482, 82599,7 1984 If | 

175 24303, 80486,86294,44028 


176 24551,26678,14149,32161 
177 24797, "32663,61806,62756 
178 25042,00023,08893,97994 
17925285 30309,79893, 16957 
180 25527, 2505 1,03306,06980 


8 


181 
182 
183 


25757, 857 8,69 184,5 1029 
26007, 13879,85074,79513 
26245, 10897,30429,47118 


184/26481,78230,09536,46451 


185 


186 
187 
188 
189 
190 
191 
192 
193 
194 
195 


1196 


197 
198 
199 
200 


26717, 1728 4,03013,80159 


2695 1,29442,17916,312T8 
27184, 16065, 36 498,96929 
27415,78492,63679,85484 
27646, 18041,73244, 14260 


27875,36009,52828,96154 


28103,33672,47727,53764 
28330, 12287,03549,60858 
28555,73090,0777 3,76060 
28780, 17299,30226,04700 
29003,46113,62518,01129 


299225,607 13,56476,05185 
29446,62261,61592,92737 
29666,51902,61531,11055 
29885, 30764,09706,65010 
30102 199956, 63981, 19521 


— — and 


6 — kl ned 


A AA 


PF 


188) LOGARITHMS Tab. 2. 
* | \ 
N. Logarithms, 5 N. Logarithms. 
201|30319,60574,20488,87 144 251139967,37214,81038,13971 
202/30535, 13694,46623,76949 252140140,05407. $1544,09573 
203307 49,60379,13212,91805 253/40312,05211,75817,91962 
204 30963,0167,25898. 75626 25440483, 37 166, 1993805946 
205,31175,38610,55754,29930 255/40654,01804,33955. 17069 
506/31386,72203,69133,10038| |256|10825,99655,11879,36171 
207 31597,03454,56917,75346 257140993,31233, 31294.53716 
208 31806. 33349, 62761, 55006 258141161,97059,63230, 15891 
(209/32014,62361,11054,00229] |259]41329,97640,81251,82752 
210/32221 92947, ,33919,26801 260/41497,33479,70817,96-42 
211 32428,24552,97692,66508| 261141664,05073,38280,96192 
212/326 33,58609,28751,43606 262141830, 12913,19745,45602 
213/32837,96034,38737,72339 263/41995,57484,89757 86897 
21 133041, 37733,49190,83605 264/42160,39268,69831,06369 
21533213, 84590, 15605,33119] 265142324,58739,36807,85042 
216 33445,37511,50930,89753 266|42488,16366,31066,98746 
217(33645,97338,48529,51038 267 42651, 12613,64575,22202 
218/33845,64936,04604,83041 268|42813,47940,28788,82458 
(219/34044,41 148,40118,33837 26914297 5,22800,02407,98009 
220! 34242,26808,22206, 23596] |[270143136,37641,58987,31189 
(221/34 139,22736,85110,69775 27 1143296,92908,74405,72952 
222 34635,29744, 50638,62932 272143456,89040,34198,70940; 
223/34830,48630,48160,67348 273143616,26470,40756,03721| 
224 35024,80183,34162,80678|  |274143775,05628.20387,96378 
225352185 25181, 11362,48416 275|43933,26938,30262,65032 
226.35410,84391,47400,91801] 276144090,90820,65217,70659 
22735602, 58571,93122,72010 277144247 97 690,64448,55378 
228 35793, 48470,00453,7 8926 278044404, 47959, 18076,27567 
229.35983,54823,39887,99413 279144560,42032,73597, 55426 
23036172,78360, 17592, 87887 2800447 15,80313,42219, 22114 
201 36361, 19798, 21,3087 281J4870,63 199, 05079, 89286 
232036648, 79848,90899,67297 282/45024.91083, 19361,09692 
233/36735,59210,26018,97219 2834517864355, 24290,23556 
= 1234/36921,58574, 10142,83901 284|45331,83400,47037,67652 
|, 235137106,78622,71736,26920 285045484,48600,085 10, 20362 
| 236(37291,20029,70106,58069 286/15636,60331,29043,00517 
| 23737474, 83460, 10103,86529 287 45788,18967,32992,32522 
| (238[37657,69570,56511,95447] |288/45939,24677,59230,85066 
1 239137839,79009,48137,68500| 289|46089,78427 "56547 $5708 
| 240138021, 12417, 11606 6,02294 29046239, 79978, "98956,08733 
211382017025, 4868,38 108 29146389, 29889,85907, 28908 
| 1212/38381,53659,80431,27671] 29246538285 14,48418, 29150 
l (213[38560,62735,98312,18648] 293 46686,76203,54109, 45624 
244.38738,98263,38729, 42431 2944689447 3304, 12157, 29393 
245/389 16,608 43,6452, 46621 295146982, 20159,78162, 52,99505 
246139093,5107 1,03379,12702| 296147129,17110,58938,58249 
247 39269, 69532, 59665,73074 297147275, 64493,17212 35264) 
248139445, 16808,26216,26531 298147421 62640,76255,23347 
249139619,93470,95736,34113 299/47 567,11883,24429, het 
- 1250{39794,00086,72027,60957| 3001477 12,12547,19662,43730, 


Tab. 2. to 20 


PLACES. > (189) 


N. Logarithms. 


301 17856,64955,938 43,357 12 
302.8000, 69429,57 150,63208 
303/48144,26285,02305,01157 
304/48287,35836,08753,74239 
305|18429,98393,46785,83867 


30618372, T1261,81579,99831 
307 48713,83754,77186,48 75 

303|18855,07 165.00444.26189 
309/48995,84794,24834,64247 
310/49136,16938,3427 2,67967 
311|19276,03890 26837,50555 
312/49415,45940,18442,79214 
213119554,43375,46448,48481 
314/49692,96480,73214,93198 
315149831,05537,89600,51009 
316|19968,70926,18103,81872 
317150105,92622,17751,49455 
318/50242,71199,84432,67814 
319/50379,06830,57181,12808 
320150514,99783, 19905,97607 


321|50650,60324,04872,07813 
322(50785,587 16.95830,90479 
323150920,25223,31102,89008 
324 51054, '50102,06612,13961 
325 51188,33609,78874,37878 


326151321,76000,67939,00285 
327 |51454,77526.60286,07250 
328|51587,38437,11679,08015 
329|51719,58979,49974,29513 
330'51851,39398,77887,47 805 


321|51982,79937,757 18,73861 
332052113,80837,04036, 29426 
33352244, 42335,063 19,87 140 
334(52374,64668, 11564, 47520 
33552504, 48070,36845, 23894 


33652633, 92773,89844, 04886 
337 52762, 99008, 71338,62619 
33852891 67002, 7654, 73363 
339 53019,96982, 03082, 16009 
340 53147, 89170, 42255,12375 


341 53275, 437 89, 92497, 72042 
342 53402, 61060, 56139, 603134 
343 53529, 41200, 42770, 49214 
$44153655,84425, 71530, 11205 


34653907, 60987, 92776, 0977 
347 54032,94747,90873, 71854 
348(54157,92439,46580,91506 
3494282,54269, 59179, 89654 


349 5378], 90950, 73274, 12095 


350[54106,80443,50275,63550| _ 


| 


351154530,7 1164,65824,08109| 


gen 207029661 2906086010 
1 


| [378157749,17998,37225,33781 
1380/57978,35966,16810, 15675 


8 


N. Logarithms. 


353054777, 47053, 87822, 5655 
35434900, 32620,25787,8227 
355|55022,83530,55094,09088 


356/55144,99979,72875,17515 
357 55266,82161,12193,19655 
358155388,30266,43874,36478 
35955509, 44485,783 19, 14782 
360 55630, 25007, 67287, 26502 


361/55750,72019,05657,92307 
362155870,85705,33165,7055 
363/55990,66250,36112,5188 
364/56110, 13836,49055,99035 
365/56229,286 11,5647 4,70586 


36656378, 10853,94410,66639 
367 (56466,60642,52089,33799 


392154654,26634,78131, 56550 
7 


369 56702, 6366 1, 59060, 3691 
370086820, 17240, 66994, 9968 


371056937 39096, 15045,87635 
372\57054,29398,81897,50739 
373157170, $8318,08687,60551 
374 57287,16022,00480, 1645 
37557403, 12677,27718,85 165 


376 7518,78, 27661 05006 
377057634, 13502,05792,85654 


37957863, 92099,68072, 34193 


38158092, 49750,7561 9,3015 
382/58206,33629,11708, ,73285| 
383|58319,87739,68622,74038 
38458433, 12243,67530,80379 
38558546, 07295, 08500, 67625 
386[58658,73046,71754,95581| 
387{58771,09650,18911,40100 
388.58883,17235,94207,24221 
389058994,96013,25707,73624 
390089 106, 46070, 26499, 20650 


391659217, 67573, 95866, 80741] 
392 59328, 60670, 20457, 24707 
393159439, 25503, 75426, 69811 
394059549, 62218, 25574, 12259 
3951596099, 70956, 26 460, 23278 


397 (5987 9,05067,63115 ,06588 
398 59988,30720,73687,84531 
39960097, 28956,86748, 2295“ 


400{60295,99913,27962, 39043, 
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N. 


401 
402 
403 
404 
405 
406 
407 
408 
409 
410 
411 
412 
413 
414 


1415 


416 
417 
418 
419 
420 


[421 


422 
423 
424 
425 


(190). 


LOGARITHMS 


| Tab. 2. 


* 


Logarithms. 


60422,605 30, 84470, 06666 
60530,50461, 41109, 44887 
60638, 1365 1, 10604, 96470 
60745, 50232, 14668,55397 


60852,60335,77194,11326 
60959,44092,25220,03756 
61066,01630,89879,95148 
61172,33080,07341,80361 


61384,18218,76069,20586 
61489,72160,33134,59560 
61595,00516,56401,02097 
61700,03411,20898,94867 
61804,80967,12092,70862 
61909,33306,26742,7 4528 
62013,60549,73757,51775 
62117,62817,75035,19750 
62221,40229,66295,30985 
62324,92903,97900,46322 
62428,20958,35668,307 14 
62531,24509,61673,8603 

62634,03673,75042,33900 
62736,58565,927 32,63127 
62838,89300,50311,53811 


{426 


427 
428 
429 
430 


431 


432 
433 
434 
435 


437 


438 


439 
440 


436 


62940,95991,02718,91860 


63144,37690, 13172,03126 
63245,72921,84724,24725 
63346,84555,79586,52641 


63447,72701,60731,60075 
63548,37468,14912,09274 


63748,97295,12510,70559 
63848,92569,54637,32941 


63948,64892,68586,02563 
64048, 14369,70421,84040 
64147,41105,04099,53358 
64246,45202,42121,37063 
64345,26764,86187,43118 


441 
442 
443 


444 


445 
446 
447 


[448 


449 


450 


64443,35894,67838,53601 
64542,22693,49091,89296 
64640,37262,23069,56023 
64738,29701,14619,82453 
64836,00109,80931,58951 
64933,48587,12141,86869 
65030,75231,31936,47555 
65127,80139,98144,00199 
65224,63410,03323,17492 


| 


60314,43726,20182,30654] - 


N.“ Logarichms. 


451 65417,65418,77960 59520 
452 65513, 84348, 11382, 11322 
453 65609, 82020, 12831, 187416] 
454 65705,58528,57103,91532 
455 65801,13966,57112,40470 


61278,38567,19735,49451] 


63042, 28750, 25023, 86460 


63648, 78963,53365, 44270 


45665896, 48426,64434 98447 
457 65991 62000, 69850, 22235 
458 66086, 54780, 03869, 18934 
459/66181, 26855, 37261, 24043 
46066275, 78316, 81574, 07408 


7166370 09253, 89648, 14507 
462 66464, 19755, 56123, 550397 
46366558 09910, 17953, 13567 
464 66651, 79805, 54880, 86819 


465 66745, 20528, 89953,92175 


46666838, 59 166, 90000, 16740 
467 6693 1,68805, 66112, 16309 
46867024,8530,74124,03422 
469671 17,28427, 15083, 26486 
470167209,78579,35717,46441 


47 167302,09071,28896, 17406 
472167394, 19986, 34087, 77590 
473067486, 11407, 3781 1,6716 
47467577, 83416, 74085, 06050 
47567669, 36096, 24866, 57111 
476!67760,69527,20493, 14968 
477 67851,83790, 401 13,92022 
478|67942,78966,12118,88022 
479/68033,55134, 14563, 22010 
48068124, 12373,75587,21815 


481 68214,507 63,7383 1,7660 
43268304,70382,38849,57929 
483068394, 1307,15 12, 14080 
484 68484,53616,44412,47193 
48568574, 17386,02263,65657 


486/68663,62692,62293,38169 
387 68752,89612, 14634,33246] 
488 68841,98220,027 10,61953 
489 68930,88591,23620,24494 
400 690 19,60 800,285 13,66 142 


491 69108,149: 14921,22968, 508, 47275 
492 69196, 51027, 67360, 32233 
493 69284,69192, 77230, 01587 
494 69372,69489, 23646, 92596 
499 69460, 51989,33568,72013 


296 69548, 16764,90197,46052 
497 69635,63887,33332, 11681 
498/69722,93427,59717,53634| 
499/69810,05456,23389,91417 


0165321, 1,25187, [9343 1679381 


500{69897, 00043, 36018 80479 


— - — — ns — — 


Tab. 2. to 20 PLACES. (191) 


— 


N. Logarithms. 


502 70070, 37171, 45019, 33455 
503/70156,79850,55927,39710 
504/70243,05364,45525,29094 
505/70329,13781,18661,37906 


506,70415,05168,39799,11483 
507 70500, 79593, 33335,97571 
508 70586,37 122, 83919,25467 
509.70671,77823,36758,74657 
510/70757,01760,97936,36584 


512.70926,99609,75830, 75692 
513,71011,73651,11816, 27342 
51471096,31189, 95275,73238 
515 71180,72290,41191,00996 


51671264 97016, 2721135413 
51771349,05430,93942,50516 
518.7 1432,97597,45233,02273 
519/71516,73578,48457,85186 
520 71600,33436,34799,15963 


271 71683,77232,99521, 47424 
| 52971767, 05030,02262,15714 
523 71850,16888,67274,23926 
524 71933, 12869,83726,65124 
525 72015,93034,05956,87758 


527 72181,06 152, 12546, 60821 
528 72263, 39225 338125 25890 
529072345, 56720, 35185,75774 
530 72427,58696, 00789 01563 


N. Logarithms. | 


501/69983,77258,67215,71728 
1552/74193,90777,29198,90180 


511 708 72,09001, 9771273175 | 


565 75204,84478,19438,52758 


551174115, 15988, 51785, 04887 


553/74272,51313,04698,2587 1 
554 74350,97647,28429,74899 
555/74429,29831,92676,23889 


556 74507,47915,82057,47088 
557 74585, 51951, 73728, 90044 
558 74663, 41989, 37578, 74947 
559 74741, 18078, 86423, 29561 
560 74818, 80270, 06: 200, ,41635 


561 74896,28612,56161,40659 
562 74973,63155,69061,08808 
563.75050,83948,51346,22909 
564 75127,91039,83342,29214 


520 72098,37441,53739,06419] |576.76042,24834,23212,04587 


5331172509,45210,81469,06485] _ [581/76417,61323,90330,7345 


566 79281,64311,88271,43077 
567. 75358, 30588, 92906, 57989 
568 75434, 83357, 11018, 87173 
569 7551 1,22663,9507 1,17229 
57075587, 48556, 7249 1,39883 


| 
571 75663,61082,45848 05004 
572 75739,60287,93024,20038 


574 75891,18923,97973,52044 
575/75966,78446,89630,48844 


577 76117,58131,55731,42849| 
578 76192,78384,20529,05229 
579 76267,85637,27436,19789 
580 76342,79935, 62937,28255| 
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238 


932 


72591,16322,95048, 18268 
72672,72090,26572,26372 


534/72754,12570,28556,41723 
535\72835,37820,21228,44562| 


336,72916,47 896,92770,01979 


538/73078,22756,66389, 17530 
339,73158,87651,86738,70217 
540/73239,37598,22968,507 10 
541/73319,72651,06569,43688| 
542/73399,92865,38386,92473 
543/73479,98295,88846,94758 
544/73559,88996,98179,90461 
545/73639,65022,76642,43999 


546173719, 26427,04737,23243 
547173798,73263,33430,77381| 
548/73878,05584,84369, 15899 
549/73957,23444,50091,90848 


53772997, 42856, 99599,00687] . 


5827 
583 
584 
585 


76492,298 46, 49888, 48429 
76566,85547,59014,08638 
76641,2847 1,12399,48672 
76715,58660,82180,44858 


586 
587 
588 
589 
590 


767 89,7610, 18090, 146 


76863, 8 1012, 47614, 47606 
76937, 3260,76 138, 48915 
77011, 2947,87 101,641 20 
77085, 20116, 42144, 19026 


591 
592 
593 


77 158, 74808, 81255, 30467 
77232, 17067, 22919, 77766 
77305, 46933, 64262, 60640 
77378,64449,81193,54785 
77451,69657,28549,56404 


550174036,26894,94243,84554 


LO 


177524,62597,40236,42868 


77597,43311,29369,08740 
77670,11839,88410,84329 
77742,68223,89311,37983 


77815, 12503,83643,63251 
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(192) 


LoGARITHMS 


N. 
601 
1603 


604 
605 


Logarithms. 


77887,44720,02739,52089 


602177959,64912,57824,55233 


78031,73121,40151,30874 
78103,69386,21131,82730 
78175,53746,52468,88629 


606 
607 
608 
609 
610 


611 
612 
613 
614 
615 


— — —— — 


— 


78247 ,26241,66286,20678 
78318,86910,75257,58096 
78390,35792,72734,93761 
78461,72926,32875,35534 
78532,98350,10767,03989 
78604,12102,42554,23362 
78675, 14221, 45561, 19356 
78746, 04743, 18415,03774 
78816, 83711, 41167,67997 
78887,51157,75416, 73639 


616 
617 
618 
619 
620 
621 
622 
623 
624 
625 


78958,07121,64425,45710 
79028,51640,33241,68205 
79098,84750,88815,83768 
79169,06490,20117,97680 


79379,03846,90818,70077 
79448,80466,59169,61544 
79518,45896,82423,98736 
79588,00173,44075,21915 


626 
627 
628 
629 
630 
631 
632 
633 
634 
635 
636 
637 


639 


638 


79657, 13332, 10720, 58002 
79726, 5408, 30716, 43958 
79795,96437,37196, 12719 
79865,06454, 45268, 92535 
79934, 05494, 5358 1, 70530 


80071, 70782, 82385, 01364 
80140, 37100, 17355,10238 
80208,92578 81732,68977 
80277, 37252, 91975, 66903 


80482,06787, 21162, 32330 


641 


643 
4644 
645 
646 
647 
648 
649 


642 


80685,80295, 18817, 42225 


80888,58673, 598 12,1000! 
8093,97 146, 35267,76849 


79239, 16894, 98253, 87488 
79309, 16001, 76580, 19075 


80002,9359Z11134,31302 


30345,7 1136 18413 B733G 
80413,94323,35350,43063| 


$0550,08581,58400, 16068 
640,80617,99739,83887,17128 


80753,50280,68853,27334 
80821,09729,24222,07249 


81023,25179,95084,08529 
81090,42806,68700,38446 
81157,50058,70593,33482 
81224,46968,00369, 23101 
65008 1291,33566,42855,57399 


652 
653 
654 
655 


81424, 75957, 31920, 19807 
81491,31812,75073,92143 
$1557,77483,24267,2677 1 
81624,12999,91783,06560 


656 
657 
658 
659 
660 


81888,54145, 94009, 86128 


$1690,38393,7.5660,27536 
$1756,53695,59780,77566 
$1822, 58936, 13955,49034 


81954,39359,41868,67326 


Tab >. 21 
mY 
N. Logatithms. 
651181358,09885,68191,94767 


661 
662 
663 
664 
669 


32020, 14594,85640,23665 
$2085,79894, 39699,93382 
$2151,35284,04773, 13504 
82216,80793,68017,48947 
82282, 16453, 03 104,970 


666 
667 
668 
669 
670 
671 
672 
673 
674 
675 


82317 ,42291,70301,06661 
$2412,58339, 16548,96620 
8247 7,64624,75545,67041 
$2542,61177,67823,11077 


82607,48027,00826,43415| 


32672,25201,68992,07464 
82736,92730,53825,24408 
$2801,50642,23976,84648 


8$2865,98965,35319,82140| 
82930,37728,31024,92146 


676 
677 
678 
679 
680 


$2991,66959,41635,92884| 


83058, 86686, 85144, 31601 
83122, 96938, 67063, 35530 
83186, 97742, 80501, 68250 
83250, 89127, 06236, 31897 


681 
682 
683 
684 
685 
580 
687 
688 
689 
690 


$3314,71119,12785, 15740 
83378,43746,56478,91563 


$3442,07036,81532,56340] 
83505,61017,20116,22655 


83569,057 14,92425,57335 


$3632,41157,06751,68735 
83695,67370,59550,43142 
$3758,84382,35511,30726 
83821,92219,07625,81484 
83884,90907,37255,31616 


691 
692 
693 
694 
695 
696 
597 
698 
699 


20⁰⁰ 


$3927,80473,74198,40758 
84010. 60944. 36757, 80499 
84073, 32346, 11806, 74605 
$4135,94704, 54854, 91375 
84198, 48045, 90113, 88524 


84260,92396, 10562, 11027 
84323, 27780,98009, 42305 


84385,54226, 2316109175 
34447,7 1757,45681,40948 


| 


— — —„— 


84509 80400, 142³⁵5 89071 | 


— 


La 


— 


701 
702 
703 
704 
705 
706 
707 
708 
709 
710 


711 
712 
713 
714 
715 


717 
718 
719 
0 


716 


5. . 


o 20 PLACES. 


85064, 62351, 83066,5 4285 
85125, 83487, 9075, 28609 


85185 556007, 266 30258 
85247,99936,36856,37036 


85369,821 17, 76174, 39176 
85430, 60418, 01080, 61474 


$5491,30223,07855,56000 
85551,91556,67 800, 12230! 
85612,44442,42300,34303 
85672,88903,82882,60777 
$5733,24964,31268,46023 


721 
a 
123 
724 
725 


72⁰ 
727 
128 
129 
730 


731: 
732 
733 
134 


736 
737 
738 
739 
74⁰ 
1731 
142 
143 
744 


735 


85793,52647, 19429, 03588 
85853,71975,69639, 11829 
85913,82972,94530,82137 
85973,85661,97 146,9007 1 
86033,80065,70993,69691 


86093,66207,00093,71401 
$6153, 44108, 29037, 83621 
86213, 13793, 13037, 18556 
86272, 75283, 17974, 62377 
$0332,28601 20455, 90107 


85391,73769, 57860, 45405 
$6451,10810,58391,86161 
36510, 39746,41127,94317 
$6569,60599, 16070,53320 
86628,73390,84194,90351 


86687,78143,37498, 85494 
86746, 74878, 59051,47490 
86805, 63618} ,23011, 56431 
86864, 544383 94825, 73669 
86923, 17197, 30976, 19202 


$6981,82079, 79328, [6804 
87040,39052,79027,07156| 
87098,88137,60575,29242 
87 157,29355,45878,70260 
87215,62727,48292,84304 


8727 3,88274,72668,80072 
87332,06018,15398,778 12 
37390, 15978,64461,35972 
37448,18176,99466,47 155 


85308, 95298, 51865, 59893} 


5087506, 12633,917 00,04687| 


759 


(193) 
 Logarithms. N. Logarithms. 
8457 1,80179,66658,65706| 751187 563,99370,04168,38975 
$4633,71121,29805,27631 752187621,78405,91642, 24527 
34695,53250,19823,95834 753/87679,49762,00700,57664 
$4757,26591,42112,21203 75487737, 13458,69774 05175 
848 18,91 169,9 1398, 70650 755 87794,695 16,29 188,241 66 
81880, 47010,51803,7607 1| 756187852, 17955,01206,53302 
8+4941,94137,96899,40499 757 37909, 58795,00072,75709 
85003, 32576,89769,01798 758 87966,92056,32053,537 15 


88024, 17758, 95480, 35691 


7608808], 1 35922, 8079 791,35196 


761 
763 


765, 


766, 
767. 


769 


773 
775 


777 


781 
783 
785 


768 


770 
1771 


782 
784 


88138,46567,70572,82637] 
762 88 195,197 13,39600,49675 


88 252, 45379, 54880, 46591 


764088309, 33585, 75689, 92806 


88366, 14351, 53617, 60792 


, 


88122,87696,32603,93559 
88 479,53639,48980,95947 
88536, 12200,3 15 11,99900 
88592,63398,0143 1,0396 

88649,07251,7248 1,87 146 


88705,43780,50956,97446| 
772/88761,73003,35736,15102 


88817, 94939, 18324, 90897 


774 8887 4, 09606, 82892, 59621 


88930, 17025, 06310, 28924 


776 88986, 17212,58188,43748 


89042, 10188, „009 14, 26482 


778 89097,95969,89688,93146 
779/89153,74576,72564,45605 
780 89209, 46026,90480,40172 


82065 10338,77300,32684 
89320, 67530, 59848, 00262 


8943 1,606 26,8 4438, 44228 
89486,96567,45252,54155 


787 
788 
789 


793 


795 
796 
797 
798 
799 


786 


790 


791 
792 


794 


800 


89542,25460,39407,89332 
89597,47323,59064,55847 
89652,62174,89555,31780 
89707, 70032,09420, 30627 
89762,709 12, 90441, 42799 
898 17, 48397076, 55351 
89872,5 18 15,89493, 50098 
89927,3 1873, 17603, 80309 
89982,05024, 27096, 26109 
90036, 71286, 56470, 28771 


90091, 30677, 3766904053 
90145, 83213,96112,34727 
90200, 289 13,0729, 42476 
90254,67793,13991,39295 


89376, 17620, 57943 39922 


90308,99809, 91943558564. 
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2 
811 
813 


814 
815 


816 
817 
818 
819 
820 
1821 
822 
823 
824 
1825 
826 
827 
828 
1829 
1830 
| 831 
832 
833 
| 834 
835 


1804/90525,60487,48451,26187 
8050579,58803,67 868,5 1437 


80609 0533,504 T8, 05090, 54400 
80790687, 35347, 22070, 41738 
808090741, 13607, 74586, 15992 
809 90794,85216,12272,30432 


81290955, 60292, 41175, 30847 


90848,50188,78649,74918 
90902,08542,11156,03069% 


91009,05455,94068, 16682 
91062,44048,89201,23277 
91115,76087,39976,61243 


31169,01587,53861, 14669 
91222,20565,32415,48794 
91275,33036,7 1322,99882 
91328,39017,60418,47451 
91381,38523,83716,68972 


91434,31571,19440,77 180] 
91487,18175,40050,40107 
91539,98352, 12269,83977 
91592,72116,97115,79081 
91645,39485,49925,08762 


31698,00473,20382,21619 
91750,55095,52546,6707 1 
91803,03367,84880, 14389 
91855,45305,50273,55312 
91907,80923,7607 3,90383 


51960, 10237,84110,99107 
92012,33262,90723,94049 
92064,50014,06787,58996 
92116,60506,37738,7 1297 
92168,64754,83602,08477 


— 


836 
837 
838 
839 
840 


i 


1841 


842 
843 
844 
845 


92839,58522,56713,82649 
92890,76902,43952,67285 


92 220,677 4,9016, 30271 
92272,54579,93259,99155| 
92324,40186,30276,50506 
92376, 19608,28700,27 500 
92427 ,92860,61881,65843 


92479,59957,97912,17467| 
92531,20914,99649,50266| 
92582,75746,24742,33016 
92634,24466,25655,05551| 
92685,67089,49692, 34320) 
3J2737,03630,39023,53422 
92788,34103,30706,91221 


186] 


(194) _ "Locarirnns Tab. 2; 
N. Logarith! ma.. N ; Logarithms. 
301190363,25160,81237,65931 81 92992,95600,84587 875656 
80290417, 43682,8 4163, 50176 85 2193043,95947,66700,1138 
80319047 1,55 452,7 8680,94182 1853193094,90311,67523,03000 


1193145,78706,89005,0598] 


J3196,61147,28172,64091 


6193247,37646,77153,22648 


93298,08219, 23198, 16429 
93348, 72878, 48705, 44247 
93399, 31638, 31242, 0263 
93449, 845 12,4367, 72162 


10365 1,37424,78893,28795 


53751,78920,17346,63701 


93500,31514,53654,76252 
93550, 72658, 24712, „79596 
93601 07957, 15209, 59266 


93701,61074,64814,21935 


93801,90974,76210,29438 
93851,97251,76491,9008] 
93901,97764,48666,46875 
93951,92526,18618,52463 


94001,81550,07663,20336 
94051,64849,32567,22084 
94101,42437,05569,72637 
94151,14326,34403,03562 
94200,80530,22313,24507 


54250,41061,68080,72880 
94299,95933,66040,51823 
94349,45159,06102,56585 
94398,88750,73771,8935 
94448,26721,50168,62639 


N 
OO 
*Þ 


2194546,85851,31819,73123 


94694,327 06,97 825,43234 


94497,99084, 12047, 91274 


94596,07035,77568,5856 
94645,22650,13073,08817 


195036,48543,76123,0639 
1195133,75187,95917,67077 


5195327 63366 67304, 37013 
; 15375, 96917, 33228, 767 


94743,37218,87050,75544 
94792,36198,31726,39 
94841,29657,78601,01974| 
94890, 17609, 70213,69496 

94939,00066,44912,78472 


94987,7 7040,36874,78993 


95085, 14588, 88546, 42595 


95182,30353,15911,97436 


95230,80096, 62125, 19721 
95279, 24430, 44092, 08537 


542 1, 5094 1,39324,87459 


192941,89257,14292,73333| 


—_ _— ſt... ttt 


97634,99790,03273,41875| 


997 


[948/97680,83373,38066,255721 | 998[99913,05412,8737 1,10938| 
1949197 726,62124,27292,67028] 999199956, 54882,25982,30869 
950 97772, 36052, 88847,76632 1001100043,40774,79318,64067 


39869,51583,11655,71988 


B b 22 
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Fab. 2. "IF 20 5 Braces. (195) IM 
N. Logarithms. | N. Logarithms. | 1 
WY 1. 
9075547 2,47909,79062,97417 951197818,05169,37413,93185 bi 
902!95520,65375,41941,73047| 952/97863,69483,84474,34489 14 
90395568, 77503, 13503, 79441 95307909, 29006,38326, 40853 19 
90 4956 16,8 430 1,7 5363,308 44 95497954, 83747,04095, 11544 14 
905005664,857 92,05 203, 31508 95508000, 337 15,837 46,4242 . 
906/957 12,81976,76813,06938 956198045, 78922,76100,07543 1s 
907/95760,72870,60095,25585 957198091,19377,76843,56538| | 
908 95808,58 185 21085, 11053) | 958198136,55090,78544,41531| I 
909 95856, 38832, 21967, 44887 959098 181,8607 1, 70663, 9928 1 
91095904, 13923,21093, 59992 960198227, 12330,39568,41336 5 
911195951,83769,72998,24763] | 961198272,33876,68545,35933 14 
91295999,48383,28416,17960 96298317, 50720,37812,96123 I 
913,96047,07775,34298,94458 963198362,6287 1,24534,51542 * 
914 9609 4,61957,33831,41757 96498407, 70339, 02830, 7745 Wt. 
91596142, 10940, 66448,27597 965198452,73133,43792,56538 115 
916/96189,54736,67850,38456 | 966198497, 7 1264, 15493, 34209 17 ; 
91796236, 93356,70021,09 152 | 967198542,64740,83001,67360 111 
918962845 26812,01242,43564 968198587,53573,08393,66714 44 
91996331, 55 113,861 11,26520 969 98632,37770, 0768, 32737 171 
920'96378,78273,45555,26930 970098677, 17342, 66244, 85178 hl. 
921/96425,96301,96848,92205 97 1198721,92299,08004,86280 HE 
922.9647 3 '09210,53629,34029 972198766,62649,26274,57690 177 
92396520, 17010,25912,055300 | 973/98811,28402,68351,91117} . 
92496567,19712,20105 69918 97498855, 89568, 78615, 52768 aa 
925 96614, 17 327,39032,60638 97598900, 46156, 98536, 81607 17 
1926/9666 1,0986, 81934, 33089 97698944, 98 176,669 1,8 1474 19 
92796707, 97341, 44497, 07976 97798989, 45637, 18773, 07091 1908 
92896754, 79762, 18862,06340} | 978199033,88547,87601,44015) ia? 
929! 96801 57139, 9364, 76318 97999078, 26918, 03137, 82547 144 
930 96848, 29485, 53935, 1696 980199122,60756,92494, 85664} 19 
931196894,96809,81342,62296! | 981199166,90073,79948,50979] 11 
93296941,59123,53981,36262 98299211, 14877, 86949, 66797 142 
93396988, 16437,46499,94285 983199255,35178,32135,62275 vl Y 
934/97034,68762,30093,35830 98499299, 50984, 31341,51745 17 
93597081, 16108, 725 17, 77408 98599343, 62304, 97611,73216 | 
936197 127,58487,38105,22944 986199387,69149,41211,21109} Fil: 
93797 173,95908, 87778, 26303 98709431, 71526, 69636,73242 Jan 
938/97220,28383,79064,46008| 988199475,69445,87628,12117| 197 
9397266,55922,66110,92210 9890995 19,629 15,97179, 40527 19 
940973 12,78535,99698,65963 990199563,51945,97549,91534 | : 1 
941197 358,96234,27 256,90834 991199607, 36544,85275,32836 1 
94297 405,09027,92877,36927 999199651,16721,54178.65574 I [ 
943197451, 16927,37328,37338 993199694,92484,95381,17590 101 
9447497,19942,98068,97112 9941997 38,63843,97313,31202 Hy 
945197543, 18085,09262,94738 9951997 82,30807,45725,45489 111 
— 97589, 11364,01792,76237| 996199825,93384,23698,73156 1; 


—— 


(190) 


LOGARITHMS Tab. 2. 


N. Logaritbms. 


1003/00730,09330, 20418, 11880 


100500216, 606 17, 56507, 67623 


100700302, 94705, 53618,00717 


| 009100389, 11662, 369 10,2172 
10110475, 11585, 91001, 06349 


1019 


01300560, 94453,60280, 128 15 
1015000646, 60422,4923J,72283 


1017/00732,09529,22744,59739 
00817,41840,06426,39490 


1021100902,57420,86910,24725 


102300987, 56337, 18160,15771 


102501072, 38653, 91773, 10408 


1027 01157,04435, 97278, 19720 


1029101241,53747,62432,92943 
1031101325,86652,83516,54691 


1039 


eee Inn frye, dee, ce 4 — 


1033/01410,03215,19620,57904 
1037/01577,87563,89040,96243 


103901661, 55475,57177, 41240 
11041/01745,07295, 10536, 15883 


1043 01828, 43084,26530,86897 


1045101911,62904,47072,80707 
1047(01994,66816,78842,33384| 
1049/02077,54881,93557,85991 
1051/02160,27 160,28242,22008 


| 


ö 


1053 0224,83 11,85 480,5 1839 
105502325, 24596, 33711, 46987 


1057 02407, 49873,07426, 26758 
105902489, 59601, 07485, 00279 
1061102571,53839,01340,66612 


106302653, 32645, 23296,75697 


106502734, 96077, 74756,52817 


1067028 16, 44194, 24469, 89253 
106902897, 77052,08778,01749 
1071002978, 94608, 31855,63385 


ä 


1073 
1075 


10810 


01494, 03497, 92936, 55824 


03059,97219,65951,08414 
03140,84642,51624,13598 
107703221, 57032,97981,58511 
1079103302, 14446, 82910,67304 
03382,56939,53310, 34328 


N. Logarithms. 


1083/03462,81566,25320,36037 
1085 03542,97381 8514831517 
1087 03622,95440,86294, 53993 
1089'03702,78797,55774,95610 
1091 03782, 47 505,88341,87761) 


1093 03862,01615,19702,79227 
109903941,41191 76137,14316 
1095 04020,66275,74711,13292 
1099 04099, '76924,23490,56747 
10104178, 73189,71751,77529 


1103 04257,55124,40190,59866 
1105 04336,22780,21729,50254 
1107 04414, 76208,78722,80639 
110904493,15461,49160,06471 
1111 04571 140589,40867,61503 


1113/04649,51643,34708,31361 
111504727. 48673, 84779, 47827 
1117048085 31731, 15609, 05702 
111904883 00865, 28350, 04281 
1121104960, 56125,94973,15180 
1123'05037,97562,61457,78469 
1125/05115,25224,47981,28895 


i 


1129/05269,39419,24967,86114 
1131105346,26049,25455,29384 


113805422 99098,63397, ©7599 
113505499, 58615,29741,52489 
1137/05576,04646,87734,77923 
1139 5652,37240,79 10036269 
1141105728,56444, 18214,63835 


1143/05804,62303,95281,73884 
1145105880, 54866,75906,79892 
1147/05956,34179.01267,67648 
1149/06032,00286,88285,17768 
1151106107,53236,29791,80185 


1153/06182,93072,94699,02164 
1155106258,19842,28163,11355 
1157106333,33589 ,51749,55398 
1159106408,34359,63595,99548 

1161106483,2: '22197,38673,83880] 


— 


—_— — — W 


112705 192,39 160, 46106, 4029 


—  .]—- 
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fab. 3. ”;: "08a PLACE — 1 (97 


Num. Logarithms. Differ. 1. Diff. 2. D. 3. 


ol 00732, 137 57. 82642,57428(42999,24078,66099[42572,87 346184301] 4-7 
101001100432,56737,06721,23527|42998,81505,78753142572,03045|84298|> x 
10100200432,997 35,88227,02280.42998,38933,75708142571,18747|84295 

101003000 433,427 34,27 160,7 7988 42997,96362,56961142570,34452184294 
101004100433,857 32,23523, 34949 42997,53792,22509142569,50158|84290 

101005100434,287 29,7 7315,57 45842997, 11222,72351142568,65868|84288 

101006 00434,71726,88538,29809/42996,68654,06483 42567,81580{84286] 4 —/ z 

101007100435, 147 23,57 192, 36292/42996,26086,24903|42566,97 294|84283 

101008/00435,577 19,83278,61195142995, 83519,27609142566, 1301108428] 

101009 00836,007 15,66797,88804/42995,40953, 14598 42565,28730184277 


[01010100436,43711,07751,03402 42994,98387,85868(42564,44453|84277 
101011100436,86706,06138,89270,42994,55823,41415142563,60176|84272 / 
10101200437,29700,61962,30685|42994,13259,81239|42562,7590484271] oa — 

10101300437, 72694,75222, 11924/42993,70697,05335[42561,91633|84268 
101014100438, 15688,45919, 17259/42993,28135, 13702/42561,07 365184266 


01015/00138,58681,74054,30961|42992,85574,06337[42560,23099|84263 
101016/00439,01674,59628,37298|42992,43013,83238[42559,38836|84260 
101017/00439,44667,02642,20536142992,00454,44402[42558,54576|84258 
10101800439,87659,03096,64938|42991,57895,89826142557,70318|84257] A- 
10101900440,30650,60992, 54764/42991,15338,19508[42556,86061|84251 


10102000440, 73641,76330,74272142990,72781,33447[42556,01810|84252 
101021100441, 16632, 49 112,077 1942990, 30225, 31637 42555, 1755884248 
10102200 441,59622, 79337, 3935642989, 87670, 1407942554, 3331084245 
101023/00442,02612,67007,53435|42989,45115,80769142553,49065|84244 
01024/00442,45602, 12123,34204|42989,02562,31704|42552,64821|84239 
(0102500442,88591, 14685,65908[42988,60009,66883{42551,80582|84239 
101026000443,31579,74695,32791[42988,17457,86301[42550,96343|84236 
10102700443,74567,92153,1909242987,74906,89958 42550, 1210784233 
101028100444, 17555, 67060, 0905042987, 32356, 7785142549, 2787484230 
0402900 444, 0542,99 41 6,8690 142986, 8980749977 42548, 4364484228 


10103000445,03529,89224, 36878|42986,47259,06333|42547,59416(84225 
101031/00445,46516,36483,43211/42986,04711,46917[42546,75191184225 
10103200445,89502,41 194,90128|42985,62164,7 | 726142545,90966(84219 

00146,32488,03359,61854/42985,19618,80760[42545,06747|84219 
101034/00446,7547 3,22978,42614\42984,77073,74013[42544,22528|84214 
10103500177, 18458,00059, I6627|12984,34529,5 1485 4254,83 14 84215 
101036/00447,61442,34581,68112[42983,91986, 1317 142542,54099 84209 
10103700448, 04426, 26567,8 128342983, 49443,5907242541,6989084209 
10103800448, 47409, 76011, 40385.42983,0690 1, 89182425 40,8568 184205 
101039 5 42982,6436 1,0350 142540, 014768 4200 


10104000449, 33375, 77274, 33038 42982, 21821,02025½42539, 1727284199 
10104100 449,76357, 69095, 350634298 1,7928 1,847 5042538, 3307384199 
101042 00450,19339,48377,19816 42981, 36743, 5 168042537, 4887484196 
10104300 450,623 20,85 120,7 1496 42980, 94206, 02806 42536,64678 84193 
1010440045 1,0301, 79326, 74302 42980, 5 1669, 38 1280 42535,80 48584189 


10104500451, 48282, 30996, 12430 42980,00133,57643 12534, 96296084189 
1010400045 1,9 1262, 40129,70073 42979, 66598,61347 42534, 1210784187 
10104700 452,34242,06728,3 1420 42979, 24064, 49240 42533, 27 9208418] 
10104800452,77221,30792,8066042978,81531, 2132042532, 43739084181 
101049/00453,20200, 12324,01980|42978,38998,77581142531,59558[84178 
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8 is. 


þ — 


(COLIN 


LLoGARITHMS. 


Num. 


101050 
101051 
101052 
101053: 
101054 


Logarithms. 


n | 


Diff 2, 


Tab, 3. 


r 


D. z. 


00153,63178,51322,79561 
00454,06156,47789,97 584 
00 454, 49134, 01726, 40227 
00454,92111,13132,91667 
00455,35087,82010,36076 


12977,96467, 18023 
42977,53936,42643 
42977,11406,51440 
42976,68877,44409 
42976,26349,21548 


42529,91203 
42529,07031 
42528,22861 
42527,38693 


101059 
101056 
101057 
101058 
101059 


101060 
10106] 

101062 
101063 
101064 


101065 


{101067 
101069 


101071 
101072 
101073 
101074 


00455,78064,08359,57624 
00456,21039,92181,40479 
00456,64015,33476,68808 
00457,06990,32246,26773 
00457,49964,88490,98535 


42975,83821,82855! 
42975,41295,28329 
42974,98769,57965 
42974,56244,71762 
42974,13720,69717| 


12526,54526 
42525,70364 
42524,86203 
42524,02045 
42523,17890 


42530,7 5380184177 


$4172 
84170 
84168 
84167 
8412 
84161 
84158 
84155 
84154 


004157,92935,02211,68252 
00458,35912,73409,20079 
00458,78886,02084,38170 
00459,21858,88238,06675 
00459,64831,31871,09742 


22973,71197,51827 
42973,28675, 18091 
42972,86153,68505 
42972,43633,03067 
42972,01113,21775 


004160,07803,32984,31517 
101066/00460,50774,91578,56143 
00460,93746,07654,67760 
101068/00461,36716,81213,50506 
00461,79687,12255,88518 


4297 1,58594,24626 
42971,16076,11617 
42970,73558,82746 
42970,31042,380123 
42969,88526,77410| 


101070\00162,22657,00782,65928 

00462,65626,46794,66866 
00463,08595,50292,75462 
00463,51564,11277,75840 
00463,94532,29750,52123 


42969,46012,00938 
42969,03498,08596 
42968,60985,00378 
42968,18472,76283 
42967,75961,36310 


42518,97149 


1252233790 
42521, 49586 
42520,65438 
42519,81292 


22518,13009 
42517,28871 
42516,44734 
42515,60602 
42514,76472 
72313,92342 
42513,08218 
42512,24095 
42511,39973 
42510,55856 


101075 
101076 
101077 
101078 


00464,37500,05711,88433 
00464,80467,39162,68887 
00465,23434,30103,77601 
00465,66400,78535,98638 
10107900466, 09366, 84460, 16259 


12967, 3340,80 754 
42966, 90941,08714 
42966, 48432, 21087 
42966,05924, 17571 
42965,63416,98162 


22509,71740 
42508,87627 
42508, 03516 
42507, 19409 
42506, 35302 


101080 
101081 
101082 
101083 
101084 


101085 
101086 
101087 
101088 
101089 
101090 
101091 
101092 
101093 


00466,52332,47877,14421 
00466,95297,68787,77281 
00467,38262,47 192,8894] 
00467,81226,83093,33503 
00468,24190,76489,95064 


12965,20910,62860 
42964,78405, 11660 
42964, 35900,44562 
42963,93396,61561 
42963,50893,62655 


72505, 5 1200] 
42504, 67098 
42503, 83001 
42502, 98906 
42502, 14811 


00468,67154,27383,57719 
00469,10117,35775,05563 
00469,53080,01665,22686 
00469,96042,25054,93175 
00470,39004,05945,01117 


12963,08391,47844 
42962,65890, 17123 
42962,23389,70489 
42961, 80890,07942 
42961, 38391, 29478 


42501, 30721 
42500, 46634 
42499, 62547 
424498, 7846 
42497,94384 


00470,81965,44336,30595 
00471,24926,40229,65689 
00471,67886,93625,90477 
(00472,10847,04525,89036 
101094/00472,53806,72930,45439 


42960,95894.35004 


42960, 53396, 24788 
42960, 108 99,9859 
42959, 68404, 36403 
42959, 25909,983 16 


101095 


00472, 96765, 98840, 43755 


42958,83416,24299 


42497,10306 
42495,42156 


22492,8995! 


42496, 26229,8 


42494,58087|8 
42493,74017|8 


84150 
84148 
84146 
84143 
84140 


8413 
31) 
$4132 
$4130} 
8413 
3112 
84123 
8412: 
84117] 
84116} 
84113] 
8411] 
84107 
84107 
8410 
84102 
84097 
8409 
84095 
84090 


$4087 
4087 
84083 


484050 


84070 


| 


U 


10109600473, 397 24, 82256, 68054042958, 40923, 34347 42492,05889 
10109700473, 82683, 23 80,0240 142957, 9843 1, 28458 42491, 21829, 
101098000474, 25641, 21611, 3085942957, 55940, 06629 42490, 37768 
10109900474, 68598, 77551, 37488042957, 13449,68861142489,537 161% 
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Fab, 3. to 20 PLACES. es : (199) 
Num.| Logarithms. Diff. 1. | Dif. 2. D. 3. 


10000175, 11535,91001,06349142956,70960, 15 1452788, 59560 87050 
1110100 475,545 12,1961, 21494042956, 2847 J, 4548542487, 8561084048 
01102000475, 97468, 9043 2,6697 9,42955,85983,5987542487, 0156284046 
0110300476, 40424, 76416, 2685442955, 43496, 583 13042486, 175 1684043 
10110000 476,83380,19912,85 16742956, 01010, 4079742485, 3347308 4040 


011050047 7,26395,20923,25964[42954,58525,07324|42484,49433[84040| 
10110600477, 69289, 79448,33288[42954, 16040,57891142483,65393|84034 
101107 /0047 8, 12243,95488,91179142953,73556,92498[42482,81359{[84035 
011080047 8,55197,69045,83677142953,31074,11139[42481,97324|84030 
101109/00478,98151,00119,94816[42952,88592, 13815(42481,13294|84028| 


101110/00479,41 103,887 12,0863 142952, 46111, 0052142480, 2926684025 
10111100479, 84056, 34823, 09 15242952, 03630, 71255 42479, 45241184025 
10111200480, 27008, 38453,80407142951,61151 26014 42478,61216|84021} 
101113/00480,69959,99605,06421142951, 118672,64798 42477, 77195184017] 
101114/00481,12911,18277,71219 42950,76194,87603 42476,93178 84016 


ol 15 O81, 55861, 9447 58822 42950, 337 17,94425 42476,09162|84013 
011160048 1,988 12,28 190,247 42949,91241,85263 42475,25 14984012 
0111700482, 41762, 19432, 385 10042949, 48766, 60114 42474, 4113784008 
10111800482, 847 11,68 198, 9862442940, „06292, 18977 42473,57 12984006 
101119 00483, 27660, 7449 1, 1760142948, 63818 618484247 2,73 123084002 


i120 00483,70609, 38 309,79449 42948, 21345,88725 1247 1,89 12184003 
1119100484, 13557,59655,68174/42947,78873,99604/42471,05118|83996| 
101122/00484,56505,38529,677 78/42947,36402,94486/42470,21122/83998 
101123/00484,99452,74932,62264/42946,93932,73364/42469,37 124/83993 
101124/00485,42399,68865,35628|42946,51463,36240/42468,53131|83990 


10112500485, 85346, 20328, 71868042946, 08994, 8310942467, 69141/83988 
10112600 486, 28292, 29323,54977 42945, 66527, 13968042466, 85153083988 
101127 00486, 7 1237,95850, 68945042945, 24060, 28815/42466, 01165083982 
10112800 487,14183,199 1097760042944, 8 1594, 27650 42465,17 18383981 
101129 00487,57 128,01505, 2541042944, 39129, 10467 42464, 3320283978 


101130/00488,00072,40634,3587 7|42943,96664,7 7 265[42463,49224(83978 
101131100488,43016,37299,13142[42943,54201,28041[42462,65246|83971} 
01132/00488,85959,91500,41183142943, 1 1738,62795(42461,81275|83972 
101133100489,28903,03239,03978[42942,69276,81520/42460,97303|83969 
101134 00489,7 1845,72515,85498[42942,26815,84217|42460, 1333483965 


101735/00790, 14787,99331,697 15|12911,81355,70883(42459,29369|83964| 
101136100490,57729,83687,40598[42941,41896,41514/42458,45405|83962 
101137100491,00671,25583,82112142940,99437,96109/42457,61443|83957| 
01138/00491,43612,25021,78221142940,56980, 34666[42456,77486|83956 
101139100491,86552, 82002 2.2887 12940, 14523,57 180/42455,93530183954 
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TABLE 


Iv. 


LOoGAKñITHMSs and 


00000 
00001 
00002 
00003 
00004 


Number. 


10000,00000,00000,00000 
10000,23026,11602,68807 
10000,46052,76225,57806 


10000,69079,93869, 89084 


10000,92107,64536,84726 


00005 
00006 
00007 
00008 
00009 


10001,15135,88227,66825 
10001,38164,64943,57474 
10001,61193,94685,78767 
10001,84223,77455,52806 
1 0002,07254, 13254,01691 


a 


Diet. . 


Diff. 2. 


23026, 11602,68807 
23026,64622,38999 
23027,17644,31278 
23027,70666,95642 
23028,23690, 82099 
23028,76715,90649 
23029,29742,21293 
23029,82769,74039 
23030,35798,48885 
23030,88828,45837 


00010 
00011 


00040 
00041 
00042 
00043 
00044 


| 


10002, 30285,02082,47528 
10002,53316,43942, 12421 
10002,76348,38834, 18-184 
10002,99380,367 59,87 829 
10003,22413,87720,4257 1 


23031,41859,64893 
23031,94892,06063 
23032,47925,69345 
23033,00960,54742 
23033,03996,62259 


110003,45447,41717,04830 


10003,68481,48750,96726 
10003,91516,08823,40384 
10004, 14551,21935,57932 
10004, 37586, 88088,7 1498 


23034,07033,91896 
23034,60072,43658 
23035,13112,17548 
23035,66153,13566 
23036,19195,31718 


'53020,2019211 2900p 
53021,42279 
53022,64364 
53023,86457 
53026,30644 

53027,52746 
53028,74846 
53029,96952 
53031,19056 


53032, 1170 
53033,63282 
53034,85397 
53036,07517 
53037,29637 
33038,51762 
53039,73890 
53040,96018 
53042, 18152 
53043,40288 


1,22114 


— —— — 


1,221 12 
122115 
1,2212 
1.22120 
1.22125 
1.22128 
1,22128 
1.22194 
1, 22136 
1.22137 


| 


10004,60623,07284,03216 
10004,83659,79522,75222 
10005,06697,04806,09653 
10005,29734,83135,28651 


10005,52773,14511,54360 


23086,72238,72006 
23037,25283,34431 
23037,78329, 18998 
23038,31376,25709 
23038,84424, 54566 


| 


10005, 758 11,98936,08926 


10005, 98851, 36410, 14500 
10006, 21891, 26934,93233 
10006, 44931,70511,67281 


2910006, 67972, 67141, 58802 


23039, 37474, 05574 
23039, 90524,78733 
23040, 43576, 74048 
23040, 96629, 91521 
23041, 49684, 31155 


1.22142 
1,2214 
1,2214 
1,213] 
1,22191 
I AI 
1. 22l68 
1, 221bl 
1, 22163 
1,22167 


53044,02425 
53045,84567 
53047, 06711 
53048, 28857 
53049, 51008 


53050,73159 
53051,95315 
53053,17473 
53054,39634 
53055,61797 


10006,91014, 16825,89957 
10007, 14056, 19565, 82909 


210007, 37098, 75362,59825 


10007, 60141, 84217, 42875 
10007, 83185, 4613 1,54229 


23042,02739,92952 
23042, 55796, 76916 
23043,08854, 83050 
23043,61914, 11354 
23044, 14974, 61835 


IAI 
12217 
12217 
12217 
22100 


53056, 83964 
53058,06134 
53059,28304 
53060,50481 
53061,72658 


— 


10008, 06229, 61106, 16064 


10008, 29274, 29142,50557 


10008, 523 19,50241,79888 
10008,75365, 24405, 26242 


10008, 98411, 51634, 11803 


23044, 668036, 34493 
23045, 21099, 29331 
23045,74163, 46354 
23046, 27228, 85561 
23046, 80295, 46958 


10009, 21458,3 1929, 58761 
10009, 44505,65292,89308 
10009,67553,51725, 25639 


10010, 13650,83802, 04443 


10009, 90601, 91227,89950 


23047, 33363, 30547 
23047, 86432, 36331 
23048, 39502, 64311 
23048,92574, 14493 
23049, 45646, 86877 


00045 
00046 
00047 
00048 
00049 


0 


10010,59750,28169,72787 


10010,36700,29448,91320 


10910,82800,79965,7 1052 
10011,05851,84838,08328 


23049,98720,8 1467 
23050,51795,98265 
23051,04872,37276 
23051,57949,98500 


1.2216 
1,221 
1,221 
122193 
1,22199 
1,220: 
1,22204 
1,222 


53062,94838 
53064,17023 
53065,39207 
53066,61397 
53067,83589 
53069,05784 
53070,27980 
5307 1,50182 
5807 2,7 2884 1,257, 
5307 3,94590|1,--— 
33075, 10798 L, 2221 
53076,39011 2221 
53077 ,61224| 1,297 
53078,834421,222 


53080,05661/1,222 


F-- 


q 


—— 


— 


10011, 28903, 42788,06828 


23052, 11028,8 1942 


Tab. 4. NouMBERS to 20 Praczs. | 


= T 


Number. 


Differ. 1. Diff. 2. 


70701001 1,5 1955,53816,837 70/23052,61108,87603/53081,27885 
51110011,75008, 17925,76373[23053,17190, 15488[52082, 50110 


10011.98061.35115.,91861/23053,70272,65598/53083,72338 
10012.21115 05388,57459123054,23356,3793653084,94570 
10012,44169,28744,95395[23054,76441,32506(53086,16803 


0535110012,67224,05186,27901 


10012,90279,347 13,7721 
10013, 13335,17328,65560 


10013, 36391,53032, 15189 23056, 88793,33152 


23055,29527,49309 53087,39041 
23055, 82614, 88350 
0023036, 35703, 49629 


[£3091 05768 


10013,59448,41825,48341(23057,41884,38920{53092,28015 


10013,82505,83709, 87251 23057, 94076, 66935 53093, 50267 


10014, 05563, 78686, 419623058 48070,17202 53094, "79521 
10014,28622,267 56,7 1398 23059,01164,89723{53095,94776 


10014, 51681, 27921,61121½23059,54260,84499 53097, 17037 


10014,74740,82182,45620/23060,07358,01536|53098,39299 


10014,97800,89510,47 156/23060,60156,40835[53099,61562 
10015,20861,49996,87991/23061,13556,02397153100,83832 


10015,43922,63552,90388[23061,66656,86229|53102,0610Z 
10015,66984, 30209, 76617 23062, 19758,92331153 103, 28375 
10015, 90046, 49968, 68948 


3062, 7 2862, 2070653 104,506! 


| 


1,22225 
1 22228 . 
1.22232 
1.22233 | 


1,22238 
1,22238 
1,22244 


— th. dit... AMS. AM td — II 


2311,22245| 
1.22247 
122252 


1,2225 
1.22255 


122262 


1.22263 
2270 
1 22270 | 
41.222734 
1.222760 


] 22280 


100L6, 13109,22830,89654/23063,25966,71357j93105,7293] 


10016, 36172, 48797, 6101 1½23063, 79072, 44288 53106,95213 


100 16,9236, 27870, 05299/23064, 32179, 3950153108, 17497 
100 16, 82300, 60049, 44800 23064, 85287, 5699853109, 39784 
410017, 05365, 45337, 01798023065, 38396,9678253 110.6207 


10017, 28 430, 83733, 9858023065, 91507, 58856059 
10017, 51496, 75241, 5743623066, 44619, 43225 
10017, 74563, 19861, 00661033066, 97732, 4988953]! 14, 28963 
10017, 97630, 17593, 5055023067, 50846, 7885253115, 1264 
10018, 20697, 68440, 2940223068, 03962, 3011653 116,73 569 


53113,0666411, 


10018,43765, 72402, 59518023068, 57079, 03685 33117,95875 
10018,66834,29481,63203[23069, 10196,99560|53119,18187 
10018,89903,39678,62768|23069,63316,17747j59 120,40499 
10019,12973,02994,80510[23070,16436,58246|53121,62814] 
10019,36043, 19431,38756123070,69558,21060153122,85132 


00099 
00093 
00094 


10019,59113,88989,598 16|2307 1,22681,06192153124,07456 
10019,82185,11670,66008{23071,75805, 13648|53125,29777 
10020,05256,87 475,79656/23072,28930,43425[53126,52106| 
10020,28329, 16406, 2308 123072, 82056,955313127,74435 
910020, 1401,98 463, 1861223073,35184,69966/53128,96767| 


0000 10020 7475, 33577, 88578 23073, 883 13,667 3353130,19103 
00091/10020. 97549, 21961, 55311 23074, 41443, 8583653131, 41442 
1002] 20623, 63405, 41147 23074, 94575, 27 278053132,6378 1/1 
10021. „43698 57980, 6842523073, 47707, 9105953 133,86127 
10021, 66774, 05688, 59184,23076,00841, '77186153135,08472 


00033) T0021, 39850,06530,36570 2907 6,93976, $5658'53136,30823| 


00096; 


10022, 112996, 60507,2 


2328 23077, 07113, 164813 137,53 173 
10022, 36003,57620,38809/23077,60250,69654/53138,75531 
$10022,59081,2787 1,08463/23078,13389,45185|53139,97886| 


09099110022,82159,41260,53648/23078,66529 29,4307 153141,20249, 


ö 


RY 


1,22359} 


1,222871 


1,22290 | 
1,22295] 
1,22295] 
1,22299]. 
1.223010 
1.22305 


] 1.22812 | 
223120 
122315 

1, 223180 
1.22324 


1.223210 
1 22329 
1.22329 


| "223321 
1 22336 


122346 
22345 
1.22351 


1.22350 
1,22358 


1, 22363 


,22362 


„% BA. Bi th. 


= 


. th. © 


— — 
2 933 + 27 . 


— * 
— 
- 


] 2226] | 


1 ,22282 q 
1,22284]. 


— 


* a * 


7.223390 
1.22339 
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IV. 


— — 


Jt 


(200) 


Los a 


KITHMS and 


—— 


Ta 


8 


1400012 


Log. 


00000 
00001 
00002 
00003 
00004 


Number. 8 


10000, 00000, 00000, 00000 
10000, 23026, 1 1602,68807 
10000, 46052, 76225, 57806 
10000, 69079, 9386989084 
10000, 92107, 664536, 84726 


. 


| Diff. 2. 


23026, 11602,68807 
23026,64622,38999 
23027,17644,31278 
23027,70666,95642 
23028,23690, 82099 


00005 
00006 
00007 
00008 
00009 


10001,15135,88227,66825 
10001,38164,64943,57474 
10001,61193,94685,78767 
10001,84223,77455,52806 
1 0002,07254,13254,01691 


'53020,20192 
53021,42279 
53022,64364 
53023,86457 
53025,08550 


23029,29742, 21293 
23029,82769, 74039 
23030, 35798, 48885 
23030,88828, 45837 


00010 
00011 


00013 


100042 


00040 
00041 


00043 
00044 


10002, 30285,02082,47528 
10002,53316,43942, 12421 
10002,76348,38834, 18-184 
10002,99380,86759,87829 
10003,22413,87720,4257 1 


23031,41859,64893 
23031,94892,06063 
23032,47925,69345 


23033,03996,62259 


10003,45447,41717,04830 
10003,68481,48750,96726 
10003,91516,08823,40384 
10004,14551,21935,57932 
10004,37586,88088,7 1498 


23034,07033,91896 
23034,60072,43658 
23035,13112,17548 
23035,66153,13566 
23036,19195,31718 


23033,00960,54742 


23028,76715,90649,53026,30644 I,2210 


53027,52746 
53028,74846 
53029,96952 
53031,19056 


53033,63282 
53034,85397 
53036,07517 
53037,29637 
53048, 1765 
53039, 73890 
53040,96018 
53042, 18152 
53043,40288 


10004,60623,07284,03216 
10004,83609,79522,75222 
10005,06697,04806,09653 
10005, 29734, 83135, 28651 


10005, 52773, 14511, 54360 


23037,25283,3443 


23037,78329, 18998 
23038, 31376, 25709 


23036, 72238, 72006 


23038,84424, 54566 


53044, 62425 
53045, 84567 
353047, 06711 
53048, 28857 
53049, 51008 


10005, 758 11,98936, 08926 


10005, 98851, 36410, 14500 
10006, 21891, 26934, 93233 
10006, 44931,70511,67281 
10006, 67972, 67141,58802 


23039, 90524, 78733 
23040, 43576, 74048 
23040, 96629, 91521 
23041, 49684, 31155 


23039, 37474, 05574 


53050, 73159 
53051,95315 
53053, 17473 
53054, 39634 
53055,61797 


10006, 91014, 16825,89957 
10007, 14056, 19565, 82909 


10007, 37098, 75362, 59825 


10007, 60141, 84217, 42875 
10007, 83185, 4613 1,4229 


242,027 39,9252 
23042,55796,76916 
23043,08854,83050 
23043,61914,11354 
23044, 14974,61835 


53056,83964 
53058,06134 
53059,28304 
53060,50481 
53061,72658 


10008,06229,61 106, 16064 


10008,29274,29142,50557 


10008, 523 19,50241,79888 
10008,75365, 24405, 26242 


10008, 98411, 51634, 11803 


23045, 21099, 29331 
23046, 27228,85561 


10009, 21458, 31929,58761 


10009, 44505, 65 292,89308 
10009, 67553, 1725, 25639 
10009, 90601,91227,89950 
10010, 13650, 83802, 04443 


23047.86432, 36331 
2304839502, 64311 


23044, 68036,34493 
23045,74163, 46354 
23046, 80295, 46958 
23047,33363,30547 


23048,92574, 14493 
23049, 45646, 86877 


53002,94838 
53064, 17023 
53065, 39207 
53066, 61397 
53067,83589 
53069,05784 
53070,27980 
5307 1,50182 
5307 2,72384 
5307 3,94590 


100045 
00046 
00047 
100048 


00049 


10010,36700,29448,91320 
10010,59750,28169,72787 
10910,82800,79965,7 1052 
10011,05851,84838,08328/23051,57949,98500 


23019,98720 8146753075, 16798 
23050,51795,98265 
23051,01872,37276 


53076, 3901! 
53077,61224 
5307 8,8344Z 


10011,28903,42788,06828[23052,11028,81942|53080,05661 


53032,41170 


1,22128 
1,22128 
1.22194 
1.22136 
1.22137 


1,2214Z 
1,2214 
1,22146 
1,2219] 
1,22191 
1,22156 
1, 22168 
1,22161 
1,22169 
1,22167 
1,22176 
1,221 
1,2217 
1,22171 
2100 


—— 


22185 
2210 
1,221 
122194 
1,219 
1,2219 
2990 
1 ,22203 
1,222 
1,22200 
——11 

12221 
292) 
222ʃ ) 
1,22219 
1,222: 


— — 


—— 


— 


— — 


2 


Tabs 4+ NUMBERS to 20 PLACES. (201%, 
Log. Number. Differ. 1, | Diff. 2. P. 3. 


0050 10011,51955,53816,88770/23052,64108,87603{53081,27885[1,22225| 
00051 10011,75008, 17925, 7637323053, 17 190, 154885 2082,50 1101, 22228 
00052100 11,9806 1,35 115,9186 123053, 70272, 6559853083, 72338ʃ,22232 

00053/10012,21115,05388,57459123054,23356,379361|53084,94570|1,22233} | 
00054/10012,44169,28744,95395[23054,76441,32506153086,16803[1,22238} 


00055/10012,67224,05186,27901|23055,29527,49309:53087,39041]1,22238 
00056100 12,90279,347 13,7 7210/23055,82614,88350|53088,61279|1,22244 
00057|10013, 13335, 17328,65560{23056,35703,49629(53089,83523|1,22245] 
(0058[10013,36391,53032, 15189/23056,88793,33152/53091,05768[1,22247} 
00059/10013,59448,41825,48341123057,41884,38920(53092,28015[1,22252}, 


00060!10013,82505,83709, 87261123057, 94976,66935|53093,5026711,22254 
00061/10014,05563,78686,54196|23058,48070, 17202]53094,72521[1,22255| 
0006210014, 28622,267 56,7 1398[23059,01164,89723153095,94776|1,22261 
00063] 10014,51681,27921,61121123059, 54260, 844991(53097, 17037}1,22262 
0006410014, 74740, 82182, 4562023060, 07358, 0153653098, 392991, 222634 


00065 10014, 97800, 89540, 47 150023060, 60 456, 4083553099, 615621, 22270 
00066100 15, 20861, 49996, 87991/23061, 13556, 0239753 100, 838321, 22270 
00067|10015,43922,63552,90388(23061,66656,86229|53102,0610211,22273] 
00068: 10015,66984, 30209,76617123062, 19758,92331153 103,28375 1.222760 
00069 100 15, 90046, 49968,68 94822062, 7 2862, 2070653 104, 5065 11,22280 -4 
00070/10016,13109,22830,89654/23063,25966,7 1357193 105,72931|1,22282] 
00071/10016,36172,48797,61011123063,79072,44288[53106,95213[1,22284]. 
00072100 16,9236, 27870, 05299/23064, 32179, 3950153 108,17497/J,22287 
00073100 16,82300, 600 49, 4480023064, 85287, 56998 53109,39784J, 222900 
00074100 17,0536, 45337, 01798023065, 38396, 9678253 110,6207 4/1, 22295 


(00075\100 17,28 430,83733,98580[23065,91507,58856153111,84369[1,22299] | 
00076/10017,5 1496,75241,57436[23066,44619,43225|53113,066641,22299] | 
07 100 17.7463, 19861,00661133066,97732,49889j53114,28963|1,22301} 
90078100 17,97630, 17593, 5055023067, 50846,788523115,51264, 22305 
0059/10018, 20697,68 440, 29402 23068,03962,301163116,73569,1, 22306 


— — — 


6580 J00 Tc, 43765, 72102,59518123068,57079,03685|53117,95879/1,2212] 
10081100 18,6684, 2948 1,63 20323069, 10196,9956053119,18187¼, 22312 
eee 00 18,89903,3967 8,2763 23069,63316, 17747 120,0499,.2235 


90083100 19, 12973, 02994, 805 10023070, 16436, 5824653] 21,6281411,223 18 
00084/10019,36043, 19431,38756 23070,69558,21060153122,851321,22324 


00085/10019,59] 13,88989,5981612307 1,22681,06192153124,07456|1,22321 


— — — 
© 2 82 4 


„„ Md — — II 


— 


K 


1600 0086,100 19,82185,11670,66008 2307 1,7580, 13648|53125,2977711,22329 
067 [10020,05256,87475,79656/23072,28930,43425[53126,521061,22329]' 


90088010020, 28329, 16406,23081123072,82056,95531153127,74435 1.22332 
60089 10020, 1401,98 463, 1861223073, 35184, 6996653 128,96767 (1, 22330 


100 10020,7 447 3,33647,88578 23073,88313,66733/53130, 19103/1,22339] 


—_ — 


* - + 
by y - — — my — — — - — — — — — — — 
- Bon - — - 7 X * * > 
— = — - 2 — — — 
— : . P 3 . — 8 * 2 = — - — = — — = — — — 
9 — 7 2 = pI : 1 — — — — +- * 2 — . 3 — 4 —— 2 »_- & —— — > — — = — 8 — — 2 = - — 2 = — = — 
- ö A I. en — - * 1 , * Py 2 2 e * * — 2 2 Ss WS * - — 
- 4 — - — =o — 5 ve 2 "== G77 * La IS * 2 3 — 3 r 2 —— < — - --my . - — — — — = = — 2 - > — — 
*4 5. . wa — = - = . — — — = PR - S = —-—S—= — = 
— : * 1 * 5 = > — — 1 2 — 3 WY = . Iz — — — - — — — — — — — _ - — — — — — 
— = _ — ” — a — 8 75 A — — — r  c RESF. 8 8 - — - —— -- — D 2 8 — Ty - T — - - - * — — 1 
= 8 rg £ — 2 » >” _ —- — « * — x * wn 
= — a — = tz : TM Ly - > — - —- YL by = — — — — + = 7 5 : - 2 2 7 7 - \ 2 ST - S E — >= —_ . 
— > Bo 12 5 C" —— — — . 22 = = — — * EY 2 4 1 = 2 8 * - 2» \ = P > 
* * 0 an © _- 4 by W — = 
— hee ret > n - —— —— — * 


10020,97549, 21961, 5531123074, 41443, 8583653131, 414441,22339 

900920021, 20623,63405, 41147 23074,94575,27 278 53132,6378 11, 22346 

10093 10021, 43688,57980,68 42523075, 47707, 9105953 133,86127(l, 22345 

90094100 21,66774, 05688, 59 18 23076, 00841, 771863 135,087 24,2235! 
20055 J00 21,888 50,005 70,3670 23076, 5307 6,8565853 736, J0829,.22350 j ; 
220 — 10022,12926,60507,22328.23077,07113,16481153137,53173/1,22358 | 
7 — 10022, 36003, 57620, 38809/23077, 60250, 6965453 138,75531¼J,22355 18 
22 — 100 22,5908 1, 2787 1,08 46323078, 13389, 4518553 139,97886%½1, 22363 16 
5 0099110022,82159,41260,53648123078,66529,4307 1 /53141,20249(1,22362| 1 


— —— bh — CO CO — — th it dt. M6. Md to. ttrodtind — Os * 


(202) LocariTams and NuMBERs to 20 PLaces, Tab, 4 | 
| Log] Number. Differ. 1. Dif. 2. | D. 3. 
Ger „05238,07789, 96719 23079, 19670,03320[53142,4261 111,22368 


00101110023,28317, 27460, 60039 23079, 728 13,0593 153 143,64979 1, 22367 
0010410023, 51397, 00273, 65970 23080, 25956, 7091053144, 8734601, 22374 
00103010023, 74477, 26230, 36880 23080, 79101, 58256653 146,097201, 22374 
0010410023 97558, 05331, 95136 23081,32247, 67976 53147, 320941, 22378 


60105 [0021 20639 3779.63 112 2308,85 305,00070 5.48, 54772 . 2870 
0010610024,43721,22974,63 182 23082,38543,54542153149,7685211,92383 
00107100 24,66803,61518,17724 23082,91693,31394[53150,9923511,22386 
00108 10024,89886,53211,49118 23083, 44844,30629 3152, 21621J,22390 
00109 10025,12969,98055,79747 23083, 97996,5225053153,44011(1,22302 


6070 10025, 36059, 96052, 31907 23084, 5114, 96261 53.784, 66403¼J, 22305 
00111110025,59138,47202,28258 23085,04304,62664(53155,88796|1,92398 
00112110025,82223,51506,90922 23085,57460,51460(53157, 1119411,92400 
00113[10026,05309,08967,42382 23086, 10617,62654153158,33594|1,99403 
00114/10026,28395,19585,05036 23086,63775,96248/53159,5599711,29407 


001151[10026,51481,83361,01284 23087, 16935,52245153160,784041,22407 
00116110026, 74569, 00296, 53529 23087,70096,30649/53162,00811[1,22412 
00117/10026, 97656, 70392, 84178 23088, 23258, 3146053163, 232231, 22415 
00118010027, 20744, 93651, 15638 23088, 76421, 5468353 164, 456381, 22416 
0011910027, 43833, 70072, 70321 23089, 29586, 0032153 165,68034,J,2242 


00120/10027,66922,99658,70642 23089,8275 1,6837553 166, 90475 I, 22422 
00121010027, 90012, 82410, 39017 23090, 359 8,5888053 168, 12897(l,22425 
00122110028, 13103, 18328,97867 23090, 89086, 71747 53169,353221, 22490 
00123110028, 36194, 741,696 14 2309 1, 42256, 07069 53 170,772, 22430 
00124ʃ10028,59285, 49671, 76683 23091, 95426,6 4821317 1,801821,22434 


00125/10028, 82377, 45098, 41504 23092, 48598, 4500353 173,026 16/1, 22438 
00126010029, 05 469, 93696, 86507 23093, 01771, 4761953174, 250541, 22438 
00127/10029, 28562, 95468,34126 23093, 54945, 72673053175, 474921, 22443 
00128 10029, 51656, 50414, 06799 23094, 08121, 2016553 176, 699351, 22446 
0 912910029,74750, 58535, 26964 23094, 61297, 90100 53177, 923811, 22448 
0013 


10029, 97845, 19833, 17064 23095, 14475, 8248153179, 148291, 22450 
0013 110030, 20940, 34308, 99545 23095, 67654, 973 1053180,372791, 22454 
013210030, 44036, 01963, 96858 23096, 20835, 34589 53181,59733ʃ(1,22457 
00133010030, 67132, 22799, 3 1444 23096, 74016, 9432253 182, 821901, 22459 
0013410030, 90228, 968 16, 25766 23097, 27199, 765 12531 84, 046491 22463 


00135110031, 13326, 24016, 02278 23097, 80383, 81161 53185, 5271121, 1,22464 
00136[10031 36424, „04399, 83439 23098, 39569, 08273 53186, 4957611, 22469 
00137/10031 59522, 37968, 9171223098, 86755, 57849 53187, 72045 22469 
00138/10031,82621, 24724, 49561 23099, 39943, 29894 53188, "9451 . 
(00139110032, 05720, 64667 279499 * 23099, 93132, 24406 93190, 16989 1.22476 
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Brrccs's Logarithms of all Numbers to 100, and of Primes under 1100, 
to Sixty-one Places. 


Tab. 5. LoGARITHMS to 61 PLACES. N 
5 00000,00000,00000,00002,00000,00000,00000,00000,00000,00000,00000 oοοοοο 
9.30102, 99935,63981,19521,37388,94724,4930567551,8988 081398675 
0·47712,12547, 19662, 43729, 502 79, 325 5,115 30, 92001, 28864, 19069, 5 645,295056 
06020 5,9991 3, 27962, 39042, 74777, 89448, 98605, 35363, 79762, 92421, 708 26, 208 549 
969897, 0043, 36018, 80478, 6261105275, 50697, 32318, 10118, 53789, 14586,895725 


0.77815, 12503, 83643, 632 50, 87667, 97979, 60833, 5968 3, 18745, 65280, 44061, 402931 
0: 84509, 80400, 142 56, 83071, 22162, 58 502,636 19, 34835, 72396, 32396, 54065, 36350 
o · o zo8, 99869, 9 1943,88 564,12 166,84 173,47 908, o3 035, 69644, 38632,56239,312824 
9095424, 25094, 39 324,874.59, 005 58, 065 10, 23061, 84002, 57728, 38139, 17296, 597313 
t · C0000, 00000,000009,00000,00000,00000,00000,00000,00000, oooοο, ooo, ooooοο 
11 .o4139,268 51, 58225,04075, 1999, 1243, oa 24, 17067, oz 190, 46645, 30945, 965 390 ö 
[!2|1-07918, 12460, 47624, 82772, 5056, 92704, 10130, 7365, 8627, 11491, 29474, 50% ff 
['3/1* 11394, 33523,06836,76920,65051,57942,32343,08297,29185,35706,52718,011910 134 
141145 2,803 56,782 38, oz 592, 59581533 1,1429220 517, 6227, 7860), 39478, 140624 14 | 
21. 17600, 12 500, 58681, 242081 2890, o8 5 30, 62228, 243 19,38982,728 88, 73235, 194382 7 
204 77,0926, 559 24,7858 5,40 555, 78897,972 10, 70727, 5952 5,84843,41652, 41709816 
17|1*23044,89213,78273,928 54,01698,94328, 3372392007 5,67375,42 504,03973,603085|7 
18125527, 5051,03 306, 6980, 37947012 34,72 364, 51684, 47609, 843 50, 02709, 701587018 
19 127875, 30009, 52828, 96183, 63334,75756,92931,79511,29337,39449, 5989,68 18919 
20/1*30102,99956,63981,19521,37388,94724,49302,67681,89881,46210,35413,104275|20] 
2111+32221,92947, 919,26800,72441,61847,75150,26837,01260,51466,12713,335026 21 
2 134242 26808 22206-23596, 39383,65967,51726,84748,92071,92856,16359,009665 22, 
(*36172,78360,17592,87886,77771,12251,18954,96975,11034,33609,61882,756055 23 
:4|1*38021,12417,11606,02293,62445,87428,59438,95046,98 508, 57702,14887,611480[24 
2511+ 39794,00086,72037,60957,25222,10551,01394,64636,20237,07575,29173,791451125} 
26\1-41497,33479,70817,96442,02440, 52666, 82145 75979, 19009,34917,08131,116184 26} 
12711*43136,37641,53987,31188,50837,09765,34592,76003,86592,57208,75944,895969[27 1 o 
28014471 5,80313,42219,22113,95940, 4304, 62224, 70199, 52159, 248 18,2489 1, 24489928 17 
* 146239, 79978, 989 56,087 33, 28407, 62969, 2 5499, 125429441788 715, 38410,653969 29 | 
30/1*47712,12547,19662,43729,50279,03255,11530,92001,258864, 19069,53648,2986 5630 
310149736, 76938, 34272,67966,67041,00118,41572,23037,01558,30418;46559,383498|z1} 
201 505 14,9978 3, 19905, 97606, 86944, 73622, 465 13, 38409, 49407, 31054, 27065, 521373 
6301 51851,39398, 77887, 47804, 52278, 74498, 1395 5, 0068, 31054, 5714, 89594,264047 33 
1/1 53147,891 704225591237 5,39087,890 52830059677 57572 59,8571 5,49386,907959|348 
35/1* $4406,8044.3, $9275,63 5498477303868, 14316,67153,82514,86185,68651,932075|35} 
36015 56 30,2 5007,67287,26501,75335,95959,21067,19366,37491,30560,88122,805862|26 
711* 56820, 17240, 66994, 99680, 84506, 89539, 12944, 79829, 72690, 16637, 2 5466, 176799037 
38 1.57978, 3 5966, 168 10,1567 5,0723, 7048 1, 42234,47 193,192 18,8 5669,61402, 172463038 
391. 59106, 45070, 26499, 206 50, 15330, 61197, 44374, o02 98, 58052, 57776, 41366, 31056639 
140 [*60205,99913,27962,39042,74777,89448,98605,35363,79762,92421,70826,208549 40 
410 61278,38 5671973540450, 94118, 49968, 18079, 95305, 13633,83 368, 70890, 73567 41 
4211*62324,92903,97900,46 322,098 30,56572,24452,94518,91141,97676,98126,439281 
311+63346,84555,79586, 52640,50881,53229,22215,88087,74884, 38009, 34145,247493 2 
44] *64345,26764,86187,43117,76777,60692,01029,52430,81953,39067,01772,17393 
45]1*65321,25137,75343»0793763169,11785,73759,16320,67846,91928,31883,49303 


t*66275,78316,81574,07408,15160,06975,65257,04657,00915,79820,47295,860329 
47]1*67209,78579,35717,46441,42193,99449,20064,01598,03098,42994,78270,373294|47 

1*+68124,12373,75587,21814,998 34,82 183,08 741, 62728, 88390, 3913, 0300, 715755 
49 1*69019,60800,28513,66142,44325,17185927238,69671,447 2,64793,08 130, 72699 
30 1*69897,00043,36018,80478,62011,05275, 59697, 32318,T01 18,53789,14586,895725 

1*70757,01760,97936,36523,51977,97533,45233,92076,96242,61574,22622,102341|c1 
52 i 71600, 33436, 34799-15963, 39829,47 391131 448,43001,0395T,31128,53544,220459 2 
53]1 72427, 58696,00789,04563,2.9922,91627,25659,26955,02401,29493,77805,941030 31 
54 1*73229,37598,22968, 0709,88226,04489,583895,436 $,76474,03419,6135 000244. 4 
[551 *74036,26894,94243,345 53,04610,76518, 5312124938 5,12309,00434,45532,861116 


[ 74313,80270,06200,41635,34329,42766,11527,37551,42040,71029,10304, 34917356 

''75587,48556,72491, 39883, 13613,79012,04492,71512, 58201, 58519,34637,306845 57; 
3*11*76342,79935,62937,232 54,658 56, 7693,74501,50224,54299, 34926,23823,758244 58, 
$0: 770854201 16,42144919026,00503, 4535, 14423,89267, 44474, 93076, 52153, 27285759 
117778 5,12.503,83643,632 728256722728 442290 — 
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16204 Tootirans to bi PLacts. = Tab. 5. N 


1 - 78532,98350,10707,03388,57485,13757,32134492633,737<7,11340,42120,703489 


r©79239,16894,992 53,87488,04429,94842 ,90874,90718,91439,76629,31972,487773 
I © 7993405494, 53581, 0530, 2720, 65 102, 8668 , 188 38,30124,70535,71361,633662 
180617,99739,83887, 17128, 24333, 68 346,958 16,0609 1, 3928877265, 12478,628648 
1.81291, 33 566, 42855, 57399727662,63217,83 540, 406 15, 39306, 9249 5,7304, 90563 


181954, 39355, 41868, 67325, 89667, 69222,632 57,767 50, 20936, 1925, 7500, 368321 


1.82607, 48027, 0826, 43414, 91316, 29226, 68 58,9496, 26080, 56861,3869 1,179 160 
1.83250, 89127, 062 36, 31896, 76476, 83777, 32308, 3 5430, 47141, 34926, 34800, 012234 
t 83884, 9090), 37255, 31616, 280 50, 15 506, 3048 5, 88976, 39898, 52679, 20531084711 
184509, 80400, 142 56, 83071, 22 162,58592,63619,34835,72396,32399»54265,036350 


1585 125,83487, 19075, 28609, 282943 503 5, 42913, 82704, 19901, 60039,19762,766499 
185733, 24964, 3 1268, 46023, 12724, 9068 3, 70969, 85048, 27372,76771,73835,910137 
186332, 28601, 2045 5, 90107, 43869, oo 49, 308 53,445 28,682 55, 31165748 51, 00020 
1·86923,17197, 30976, 19202, 21895,84263,62247,47511,62 571,62842, 10879, 28 1074 
187506, 12633, 91700, 4686, 75 501, 13806, 12925, 56637, 49101, 26647, 87822, 090107 


Slg 


12 


132213 K 
else 


1 88081, 35922,80791, 35196, 38 112,6520,91 53714875, 100,31871, 46815, 276738 
188649, 072 51.7248 1,87146, 24162, 29835, 6043, 51902, 74586, 79041, 8 5011001749 
t 89209, 46026, 90480, 4017, 52719, 5921,93676,67980, 47934, 3987, 26779,414841 
1.89762, 709 12, 9044142790, 482 13, 86478, 24968,64828,6 2019,25 15,031 56, 163513 
1590308, 99869, 9 1943,58 564, 12166, 84173, 47908, 3045, 69644, 38632, 6239,312824 


90848, 50188, 78649, 749 18,1116, (3020, 46 123,68005, 15456, 6278, 34593, 194626 
1 91381, 38523,8 371668972, 31807, 44692, 67382,62987,03515,29579,56303,177842 
1591907, 80923, 76073, 90383, 27603, 52027, 26124, 700 16,376 58, 8063,04 535, 293708 
1592427, 2860, 6188 1,65843, 472 19, 51296, 7375 5,2200, 81023, 4388783539, 843585 


9294,89 57, 14292, 3332,64 309, 99603, 84400, 32 393,77496, 96293, 78 560, 699410 


1•93449,845 12,43 567, 72161, 88270, 47953,7 1518, 55769, 6476 5,842 20, 19858, 351768 
1 93981,92 526,186 18, 5246278746, 66224, 37030, o4 544,23 282, 07784, 97068,952625 
1.94448, 26721, 50168, 62639, 14166, 5 5416, 50332,20112,71834,85277,87185,278214 
194939, 0066, 449 12, 78472, 35433, 69702, 44112, 466515618 58, 10024, 458 36, 328694 


19542422 5094.39 324,874 507005 58, 06 5 10, 23061, 84002, 57728, 38139,17296, 597313. 


95904, 13923, 2109359991872 14, 1653496462, 43133, 1584, 71103, 36783, 482 59 
196378,78273, 45555, 26929, 549,070, 17560, 32338,90797, 26031, 32708, 964604 
1.96848, 2948 5, 53935, 11696, 17320, 03373, 53103, 15038, 30422, 49488, 05207,682155 
t597312,78535,99698, 55962, 79582,94173,69366,69279,92979,89205, 63683, 477569 
t*97772336052,55847,76632,2 5945,51032,43629,11829,39455,93238,99575,963914 
1*98227,12330,39568,41336,37223,76877,53044, 39410,78271,50123,85713,$20029 
1*98677,17342,06244,85178,43618,11665,57744,942 53,41 584,03886,69747,187207 
1 *99122,60756,92494,55663,81714,11909,76541,37353434674,11003,935433176974 
. 995 3+51945297 5492915344025 $7»777 5392 5486,01069,599 19,54784,48242,502703 
2*00432,13737,82642,57427,518 

2 *01283,72247,05172,20517,10711,94580,2 3942,43905,2 3496,97603,05647, 525079 
2*02938,37776,85209,64083,45412,39461,43564,61268,16891,63401,93519,816620 
2*03742,04979,40623,63520,05133,07613,87525,66422,04522,82798,36821,104005 
205307, 84434,8 3419, 2279, 52270, 28609, 448 18, 47783, 8 3623,62209, 73395, 57054 
210380,720955956:86424,59874,21827,28625,85765,63239792397386772687822 


— 
211727, 12956, 55764, 2608 1,0542, 70697, 738 59, 47801,63117,12162,69689,770335 


2 13672, 05671, 56406, 768 56, 29266, 27714, 8973,36782, 29707, 46423, 50456, 632444 
2.14301, 48002, 54095, 08045, 64332, 23 19,8473 1, 4479732967, 91785, 93396, 574308 
2•17318,62684, 12274, 03825, 7363 5, 42628, 33705, 39346, 71326, 37222, 11012, 048653 


2 19589,96 524, 09292, 73676, 148 11,29897, 28370, 50651, 90992, 78552, 958735594477 
2 21218, 76044, 039780764, 00914, 3592599475, 49930, 97247, 35985, 6185, 303704 

22271, 64711, 47583, 27998, 407 59, 9920, 46753, 44613, 38401, 33 125, 82289, 069635 
23804, 61031, 28795, 41456, 5 302, 58758, 46588, 778 16,8 3269, 13492, 66453,988743 


23767,8 8748,69 184, 51028, 97436, 76412, 29249, 22479, 9232,72291,88769, 574799 
28103, 33672, 47727, 53763, 50435, 982 7e, 6103 1, 84957, 36134, 17824, 30405,891262 
285 55,3090, 7773,76059, 72386, 463 53, 31082, 10979, 21601, 94604, 88412, 889733 
29446, 6226 1,6 1592, 2737,17443, 17717, 15501, 75120, 64672, 0453, 36906, 180725 
2988 8, 3064,00 700, 50 10,0217, 844 19, 80284, 14948, 88771 49827, 3243 1, 907058 
32428, 245 52, 97692, 66508, 15 58 , 29927, 88 565, 15 502, 58 502, 90193586869, 014730 
348 30, 48630, 48 160, 67347, 51762, 16240, 35284, 445 34,242 3798021, 08177231 552 
* 35602, 58571,93122,72010,30489,64753,67294,74838,78261,56038,48416,494650 
*35983,54823,39987,99412,79298,65526,65887,02358,93242,54328, 14002, 593934 
36735, 592 10, 26018, 972 18, 91388, 35476, 8 9 36,8884, 54098, 32289, 45750, 381402 


W 


td» t- 


te NU 8 


1778222, 370 f, 32192, 89358, 20648, 25914, 58 186ſt01 


25285, 30309, 79893, 16957, 03826,91773,05861,943 10,2090, 678 52, 862 39,477285 125 


[2 *17397,69472,93169,43686,90730,55337330278,84460,93428,77687,74510,971491]151 


. 37839, 79009,48 137,68 500, 16611,60147,8921 2527092,22421, 6942988262522 
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OGARITHMS to 61 PLaces. (205) 


151]2* 39967,37214,81038,13934,05493,16706,90408, 18 574,66685,39315,23086,557977 
$1]Þ+4999313T333-31294s 3716,23954,65919,63133,09299,89891,62261,22190,657085 
163]2 419953 57484,597 57,86397,22335,33870,11811,42207,55733,87652,55551,847682 
2bg 2*42975,22800,02407,98008,72285,15371,27175,37709,54680,10337,16358,202492 


1: 38201, 7042 5, 74868, 38407,68839,664 54,6 3294-43545 175422,87941,37116,090780\2 
z 


17112 43296,92908, 74405, 72952, 11801, 94875, 18026,90280,28099,71147,47196,959683 
77½˙ 44247, 7690, 64448, $37 7+77 50331959997 583110942 3o247 3997257 2,00030,27 5540 
2$1]2*44870,63199,05079,89286,39179,16275,0887 1255000,84994,87733)1 10919225520 
183]2*45178,64355,24290,2 3555,89519,10570,2377239 328,25 398, 13320,054I1,534086 
293]: * 46686, 76203, 54109,45624,37585,12602,15133,14970,50293,57633,91801,387293 


z11]2*49276,033890,26837,50555,30231,83253,04155,85949,18519,90441,42 367,782 324 
113|2*49554443375,46448,48480,81265,04861,24315,15792,98693,98571,52993,196813 
17% 50105,92622,17751,49455,32290,16378,22488,04877,22158,71549,07278,111979 
13112 *51982,79937,75718,73860,81406,07340,35663,50827,13549,09614,46087,295510 


50112 487 133837 54377 186,4547 5,46084,36539,33504,93281,89817,26563,11352,567959]307 


337]z © 52762,99008,71338,62619,00147,90194,51019,87041, 58106,86338,94145,590771 
147]* 5493294747,90873,71853,53573303206,97397,86865, 56176,91243,65052,2 50367 
349|2* 54232, 54269, 59179, 89654, 01719, 771 50, 63066, 31783, 00866, 25487, 04181, 990296 
3535477747053, 87822, 56549, 70693, 15968, 56119, 79362, 71 500, 87293, 47356, 171765 
529555994448 5378319, 14781,65293,94413,89970,02357,64461,12862,45018, 194841 


373]2*57170,88318,08687,60550,6 969,38701,4399 149303, 33032,45051,02236,8525475 
79]2* 57863,92099,63072, 34193, 14520, 59454,44405,29413,07210,96923,21381,081258 

:*53319,87739,63622,74037,90461,29502,11234,47857,39787,51936,81090,658346 
b9]2 © 53994,9601 3,2 5707,73624,49469,11731,95270,14076,41221,24638,95645,064384 
197]2* 59879,05007,03115,06557,08482,40668,63112,25522,37562,91876,18078, 588386 
2*60314,43726,20182,30654,46411,48149,42549,75189,88963,37359,32761,562011 
2*61172,33080,07341,80360,95027,17736,46679,00320,51595,65255,07279,407052 
2*62221,42229,66295,30985,07395,99373,73621,25514,08166,99180,26229,814797 
2*62428,20958,3566 30744, 40069, 2342 1, 4437 t, og9437, 88488, 168 1, 56998, 058298 


2.6344, 72701, 60731, 60075, 2803, 26184, 67878, 49873, 63233, 16232, 39160, 168424 
363648, 78963, 53365, 44269, 80664, 4968 5, 26766, 8604, 17833, 538 39,5462, 633209 

64246,45202, 42121, 37063, 3741 T, 50613, 31363, 46233, 64482,93197,78492,698498 
2·64640, 37262, 23069, 5602 3, 1044389684, 5 3902, 832 30, 69450, 39547, 31960, 218878 
2·65224,63410, 3323, 17491, 90263, 5374343 105,352, 59942,01108, 2112, 409383 
576599 1,62000, 698 50, 22235, 35461, 45220, 47714, 05940, 16155, 52489, 8 5626, 587883 

2663 70,092 53,89648, 14507, 468 18, 1848 7,42 133, 71937, 47244, 04839, 2463, 622776 
2·66558, 99 10, 17953, 13567, 4193 1,8438, 708 55, 401 57, 65450, 46974, 53874, 838090 
2669316880 5, 66112, 16308, 805 10, 89779, 99674, 10010, 61401, 55968, 775 53, 654228 
479 2*68033,55134,14563,22009,69639,66962,31078,27266,76340,01805,94696,676822 


z*bgr08,14921,22968,47275,36909,83546, 39435»54324995219,43164,65484,935064 
99]2*69810,05456,23389,91416,59050,36033,33846,73162,68889,76585,04407,2 16866 


599 2*70671,77823,36758,74656,80767,11564,25501,75116,31022, 


[47]-*73798,73263,3343997738 [,20473,72542,004I1,41 123,32573,38734,8 3672, 544294 
74585, 51951, 73728, 90044, 3433498899, 38696, 26667,22982,65562,889 16, 47639 


5697551122663, 95071, 17228, 70555, 24030, 20058, 8 808, 40566, 569 54, 49337, 62 164 
7175663, 6 1082, 45848, oſoo4, oz84 T, 30031, 39578, 8074, 83371, 59899, 19622, 253745 
77 76117, 58131, 58731, 42848, 88 336,67 563, 87165, 18349,9463 1, 0080), 86067, 506949 


567 2*76863,31012,476 14,47606,35592,98596,71376,19981,12599,05673,24995,758 554 


367]2* 56466, 60642, 52089, 3 37957329049 3006,90914,7 5947,52157,57773,73358,529180 36 


2*68752,89612,14634,33246,32050,0443 5375372384339 54413, 59009, 69060, 272887 48; 


4 
$03] 701 56, 798 50, 5 5927, 39709, 82240, 902 79, 52805, 50061, 7931 T4 $3204,13100,626989 5 

2795»59327»732505]; 
5210 71683, 77232, 99524, 47423, 3411,86 589,82 340, 55592,48804,35659,10389,037518|c21 
5230718 50, 16888,67274, 23926, 01265, 78891, 07882, 05229, 27624, 5402 2, 80340, 618 542 5 
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16467337 
16486586 


14374626 
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14422020 
14445633 
14469190 
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7913323660429 
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83 ˙34286484.33 
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| [13480731 4-35 


68 15330667 2|7-3G 
3532545437 
135583520438 
99113584092 4-39 
03609766440 
II. 3039374|4-4] 
921˙36609 17442 
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14609379 
14632554 
14655675 
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15748465 
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5˙23 
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9*29 
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528 
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9*30 


1+6505799 
1-6524974 
I-6544113 
1-6563215 
1-6582281 
I-6601310 
1-6620304 
1-6639261 
1-6658182 
1-667 7068 


17334239 
17351891 


17369512 


17387102 


17404662 


5.71 17422190 
7217439689 


17457155 
17474593 
17491998 


17509375 


17526721 
17544037 
17561323 
17578579 


5˙31 
5˙32 
5˙33 
5˙34 
535 


14724721 
14747630 
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14793292 


14838747 
14861397 
14883996 


1.492904 
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4-90 
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1-5830939 
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17630170 
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1-5040774{5-00 
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4:97 
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1-5912739 
1-5933085 
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16014057 
16034198 
16054299 
1-6074359 
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9442 
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16882491 
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16919391 
1 6937791 
1-6956156 
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16974488 
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(210) HvrERToTIC Loc aARTTAHs. Tab. 
| ' 
N. | Logar. N. Logar. N. Logar. | N. Logar. N. Logar, 
6-01 11:7934247(6+5111-8733395|7-0111-9473377,7-5112-0162355[8-01|2-08077 
6-02|1-795087 3/6+52/1-8748744[7-0211-9487632!7-52[2:017566118-02|2-081938, 
6-03 [1-7967 470 6+53|1-8764069! 7-03|1-9501867|7-53|2-0188950(8-0312:0831844 
6-04 |1-7984040' 6+54|1-8779372/704|195 16082| 7-54|2-020222218-04[2-0844991 
16-05 [1 8000583, 6+55{1-8794650| 7-05 19530276, 7-55 2-0215476|\8-05[2-0856721 
6-06 |1-8017098 6-5611-8809906| 7-06|1+9544+451| 7-56 |2+02287 12/8-06 
16-07 [1-8033586/ 6:57 |1-8825138/7-07[1-9558605. 7-57 [2-0241931|8-07|2:088153 
6-08|1-8050047|6+58{1-8840347|7-08|1-95727 39, 758020255132 8-08|2:0893919 
6-09 |[1-8066481! 6-59|1-8855533! 7-09|1-9586853! 7-59|2-0268316| 8-09|2-090693 
{6:10|1-8082888| 6.60 1-8870696 7-10 1-9600948, 7-60'2-028148218: 10120918641 
[6-11 |1-8099268| 6+61|1-8885836|7-1111-9615022/7-6112-029463218-1T|2-0930970 
6:12|1-8115621| 6-62!1-8900954;7+1211-9629077|7-6212-0307 764|8-12|2-094330 
16-13|1-8131947| 6-63[1-8916048|7-13[1-9643112|7-63|2-0320878|8+13|2-095560 
[614 [1-8148247| 6-64|1-8931120/7-14{1-9657 128|7-64{2-0333976|8-14|2-096790 
6:15|1-:8164521|6-6511-89461691 715119671124] 7-6512-0347056|8+-15|2 0980179 
6:16(1-8180768| 6-66|1-896119517+16|1-9685100! 7-6612-0360120|8+1612:099244 
6'17 [1-8196988|6:67|1-8976198|7-1711-9699056]| 7-67 [2-037 3166|8+17 |2: 100468 
618 [1-8213183|6-68|[1-8991180]7-18|1-97 12994] 7-68|2-0386195|8-18|21016929 
6-19 |1-8229351|6+69/1-9006139]7-19[1-9726912| 7-69|2-0399208|8-1912-1029139 
6-20|1-8245493, 6-70 70/1-9021075{7-2011-9740810,7-70|2-0412203|8+20|2:104134 
(6-21 1.8261609! 6+71|1-9035990{7-2111:9754690| 7-7 112-0425 182|8-21[2*10535% 
62218277699 6-72(1-9050882; 7-2211-9768550| 7-7212-0438144{ 8-22/2: 106570 
(6:23 18293768} 6+ 7311-9065751(7"23 19782390 7-73|2-0451089 8+23|2:107786( 
624 1-8309802|6+74|1-9080599| 7-24|1-9796212| 7-7412-0464017|8-24|2:1090003 
(6-25 25 1'8325815|6-75|1:9095425; 7-25 19810015, 7+75|2-0476928| 8-25|2* 110212 
16-26 1-83+1802|6-76|1-9110229/7-26|1-5823798, 7-76 2018982 8.20 III 
(6:27 18357764677 19125011727 198375630777 |2:0502702| 8-27 21126349 
16-28 [1-8373700|6+78|1-913977117-28[1-9851309! 7-78|2-0515563|8-28|2:113849 
16-29 |1-838961116+791-9154509; 7-2911-9865035| 7-79 |2-0528409]| 8-29|2*115050 
16:30 [1-8405496{6-80{1-9169226|7-30|1-9878743| 7-80|2-0541237|8+30|2: 1162599 
[6-3111-8421357[6+-8111-918392117-3111-9892433| 7-81 [2-0554050[8-31]2+11745% 
16*+32|1-843719216+82[1-9198595\7-32|1-9906103| 7-82|2-0566846|8-32]2: 1186623 
16-33 1-8453002|6-83[1-9213247|7-33[1-9919755| 7-83 [2-0579625|8:33|2:1198694 
16-34 [1-8468788|6+84|[1-9227 87717 -34|1+9933388| 7-84 2-0592388|8-34|2:1210633 
6-35 [18484548] 6-85[1-9242487|7-3511-9947003| 7-85 |2-0605135|8-35|2:122261 
16-36 1-8500284|6-86|1-9257074/7-36|1:9960599|7-86!2-0617866|8-36|2-12345 
637 [1-8515995|6-87[1-9271641|7-37[1-9974177| 7-87 [2-0630581|8-37 |2:1246539 
1638 |1-8531681]6-88[1-9286187\7-38|1-9987736| 7-88 [2:0643279|8+38|2:12584/2 
(6-39 1-8547343|6-89|1-9300711|7+39{2-0001277|7-89|2-0655961|8:39|2:1270 
16-40 1·85629806·90 1-9315214|7-40|2-0014800|7 -90|2-06686288:40[2:120-2 1282217 
16-4T 18578598 6-91 |1-9329696/7 JI 002890 791 T 0681278 8.41 Je 
16*42 1-859418116+92[1-9344158|7-4212-0041791| 7-92|2-0693912| 8:42|2* 43060 
16-43 1·86097 4569319358598 7-43|2-0055259| 7-93[2-0706530| 8-432: 131796 
10:44 1-38625285/6-94/1-9373018/7-44[2-0068708|7-94|2-0719133|8+44/2 132962 
16:45 1-8640801[6-95[1-9387417|7-45|2-0082140| 7-95|2-0731719{8-45 my 
j6*46|1 '8656293(6*96|1-9401795[7-46|2:0095554|7-96|2-0744290|8146|2- 135349 
6:47 [1.867176116+97 (19416152 7-47 [2:0108950| 7:97 [2-07 56845|8*47 2 136590 
(648 [1-8687205|6-98|1-94304891 7-48[2-0122328| 7-98[2-0769384|8:48|2:1377) a 
649 [1-87026251[6-99|1-9444805|7-49/2-0135688|7-99|2-0781907|8:49|2* [4006 
(5-5011-87 18022/7-00|1-9459101[7-5012-0149030\8-00{2- -079441518-50[2:14000% ; 
—— —— w — ee TI ee OCR EC PI — 
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Tab. 7. HyPERBOL1C LOGARITHMS. (211) 
| * 
N. Logar, | N. Logar. N. Logar. N. Logar. | 
8.51 /2-141241918-911[2+187 174219-31[2+2310891] 9-71/2-27315638 
8-52/2-1424163, 8-92]2-188295919-32[2:2321626| 9:72/2-274185t 
8-53/2-1435894/8-93/2-189416419-33|2:2332350] 9.72.2723“ 
$-54|2-1447610/ 8-94 2-190535619-34|2+2343062] 974227624]! 
8-5512-1459313| 8-9512.191653519-35|(2+2353763] 9-75/2-2772673 
8-56(2:1471002|8-96[2: 192770219-36|2-2364453] 97622782924 
8-57 (2148267 7} 8-97 1219388571957 [2:2375131] 9+77/2-2793165 
8-58|2-1494340, 8-98[2-1949999[9-38[2-2385797| 9:78/2-2803395 
8-5912-1505988' 8-9912-1961128[9-3912+23$6453] 9:79/2:2813615] 
8.6002.1512622 9 00/2-197224619-40[2:2407097| 9:80/2-2823824 
8-6112-1529244|9-0i12-198335 119-41 [22417729 98172830 2834023 
8-62/2-1540851'9-0212-1994443[9+42j2-2428351] 9˙8 202-2844211 
$-63/2-1552445| 9 03;2-2005524|9+43|2-2438961] 98322854389 
$-64|2+1564026| 9- 01/2 20165921|9-44 2-2449560 9-84/2-2864557 
18-65|2-1575593|9-05|2-2027648[9-45 [2:2460147] 985122874715 
8-06 2-1587 147] 9-06j2+2038691|9-46[2+2470724| 9-86/2- 2884862 
8-67 21598688907 20497 2394722481289 987 22894999 
8˙680 216102159082. 20607 4209-48 2˙ 2491843] 98822905125 
8-69 21621729909 2207 1749 9.49 2· 2502386 98902-29124] 
8-70\2-1633230|9-10\2-2082744|9-50|2:2512918| 9:90/2-2925348 
8 712-1644718 9 TIT 2093727 9.51 22523430 9512935 14 
8-72/2-1656192/9-12/2-2104698/9-52 2-2533947| 9-92/2-2945529 
$-7312-1667654 9:13(2:211565719+53[2-2544446; 9:93[2-2955605] 
8-74/2-1679102!9-14|2-2126604[9-54|2 2554935} 9-94[2-2965670| 
8-75 /2+1690537|9-15/2 2 213753919: 55122565411; 9:9512-2975726} 
$-76/2-170195919- 9:16 2-2148 2148462 9-36 2575877 99522985771 
8.77 2·171336809.17 2. 21593739˙57½2·2586332 997 2.2995806 
8.780½2.17247649·18 2˙21702729·5802·2596775/ 9:98/2-3005831 
8-79/2-1736147|9-19/2- 2181159/9-59/2-2607209| 9:99/2:3015846 
8-80/2-174751719-20 2-2192035(9-60|2-2617631| 10-00/2-3025851| 
881 21758874921 2 202898 0 6122528042 100046051702 
8-822 .1770219 922222137509 ·62 22638443 1000 6·9077553 
$-83/2-1781550,9-23 |2+2224590|9-63 [2-2648832; 1000092103404 
$84/2-1792869 9.242 2235419 9.642·2659211 100091151292 546 
8.85 21804175925 2 2246236 965 22669579070 
8-86'2-1815468| 9-26 2-2257040/9- 66 12:2679936 
887 2.1826748|9-27|2 22678349˙67 |2-2690283 
$38 2-1838016/9-28[2-2278615|9-68\8+2700619 
$89/2-1849270|9-2912-2289385(9 69/2 2710944 
8:90'2-1860513} 9+ 3022 2300144/9-7012-2721259] _ 
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(212) Locisric LocAxtruns. 
r T 


0 60 | 12 180 240 300 360 420 480 
1 7782147711 3010011761 gj 8751 
113*5563|1+7710/1-4735|1-2986|1r* 1743|1+0777[9988|9320|8742 
213*2553|1*7639;1-4599|1*2962[1*1725}1 *0763][9976]9310j$733 
30792 1757001 4664/1 2939/1 1707/1 0749996490 30008724 
4429542 1 12915011689, 073499 52928988715 
828573 — 4 1459411" 
6|2*7782|1*7368 1*4559|1'2868|1* 1654 
512*7112|1*7302/1*4525|1*2845|1*1636 
2*6532|1*7238|/1*4491|1*2821|1*1619 
9|2*6021|r*7175\1*4457|1*2798|1* 1601 
toſ2*5563|r*7112|11*4424j1*2775|1* 15894 
T1}2*5149|1*7050,1*43901 1*0635]9869/921813652 
I212*4771]1*6990|1*4357|1 [ 150621098 589 20808643 
130244241 690300143251 270% 18321 008460 9808635 
I I l 
I [ I 


2891]1*1671]1-+072c[994019279|/8706 


070699289 2698697 
06920991692 5908688 660306284 
* 0675199051924918679]817517724{ſ7315|6942|6598|6275 
* 066319893192 38]8642|8167]7717]7309|6936 659216274 
*0649]98381]922$13661 81597710 69 300688706260 


— — — — — 


1442410216871 •4292 0594098 340 18808626 
1802 38021568121 4260 os SoY8 23091788617 
I6]2*3522|1*6755)1*4228|1 I 1:056619811|9168|8608 
17]2*3259}1*6698|1*4196|1 I 105 52980095808 899 
1802301016642 14165] •2 596114471 0539978891488 591 

I I I 

l I 1 


19]2*2775|:*6587|1*4133 '05251977719138|8582 
20[2*2553|1*6532}1*4102 5120265012888 873 
21022341] 647801 4071/1 
222 213915642 501 40401 
2302 194601 637201 40100 2488 
I 
I 


104989754 198 565 
10484742 9098 556 
136310471073 19009908 547 
2442 17611632001 53979 : l 
2502158416269 T. 3949 I 


26(2*1413|1*6218|1* 3919|1*2424}1*1314|1*0431|9697|9070 8522 
29/2*1249]1*6168|1*3890|r*2403[1*1298|1*0418[9686|9060]851 2 
28|2*1091|1*6118|1*3860|1*2332|1*1282[1.0404|(9675|g050|8 504 

2*0939]r *6069{1* 3831]1*2362|1*1266|1*039119664|g04118496 
2002.079202 · 602101380201 23410 11249] ti 037819652|g03 118487 


3112-0649 1*5973]1*3773]1*2320|1*1233|1*036519641]1g021]8479 
0 0352963090 12]8470 


1 

32 205612] 592501 •3745/1 23001 I 

3320378 15898 13716012279 1201150339096 19900208462 

3442 024881 5832136881229 T 1*0326[9603|8992[$453 
[ 103130059 7(898308445 


235/2*0122[1*5786|1* 3660|1*2239 
36 0000[t* 574011 3632j1*2218|1*1154|1*0300(9586[8973]8437 
r*93831}1-5695|1* 3604\1*2198|1*1138|1*028719575|$964($42% 
r*9765|t*565111*3576|1*2178|r*1123|1*0274|9564|$9 548420 
196521 5607]t· 35491-21591 •110/%]/1 0261 95538945 $411 
40[1*9542|1*5563]r* 352211*2139|1.1091]1*0248 9542 893508403 
1943501552001 349 [12119/110766 359 5320892608395 
1*9331]1*5477]1* 3465[1* 209911 1*0223j9521|$917|3386 
143/1*9228|1*5435|1* 3441|1*2080|1*1045]tt0210[951013907|8378 
44\1*9128|1*5393|1-3415|1*2061|1*1030[1*0197 949918398 $370 
I ' 


4589720908908 539 
* 044419708[0079|$530 


1061 


45/1- 903101: 535111 3388|1-2041|1*10r5|r 0185488 888808361 
4 8935 1553100133621 2022109991 01729478 887908353 
47 18842152691 3336/1 2003/109841 160 946788708 345 
48|r*8751]t* $229/1*3310[1* 198417 *0969|r*0147[9456\8861|8337 
49|1*8661|1*5189|1*3284[1*1965|}1-0954|t'0135 944688 5108328 
| 80 18873-51491 32 59] 19461 


00 300101220435 884218320 
5106184871 511061323301 19271 0924/10110 94251883308 312 
52 1840301 507101 32080119080; 894488248304 
53/18 3200 5032] 318351889 0894 ftr 594o488 1448296 
54% 8239/1 4994/1. 31581 1871088000 393930880 508288 

55181 891:40556](1- 3133011852086: 006 190 38387968279 


56% 808114918 1310807183408 50016849372 878) 
57 1 80041 488 7013083118161 08 3500369362 877808263 
58 1 7929/1 4844/1 30591797. 0821004 935108769 
59178551 4808]T 3034/1 17791 0806100129341 $760 
$601 ©7782 r*47711T* 301001126111 :O 0600\933118751182.39 
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— __—_— * 


5 Loctsrie Loc Aarrfuns- Ws (213) 
17 18 | 19 | 20| 21 22 | 23| 24 | 25 | 26|27| 28293031 


— — — — — — 


1020/1080|114c}1200[1260|1320|1380|1440|15co[1560|1620 1680|1740|1800 1860 
— =——  ; _— | — — ͤ — 


4775229499447 5904357 4164(3979 038023632 3468033 100315803010 2868 
6/547305225¼49 9047680255043 54/416103 976037993629 3465 330731553008 2866 

5469 5221498647645 2435,41 580397303796/3626 34633 3080315303005 2863 
546452174983 47604549%4347(41550(39700379303623 34603 302031563003 2861 
5460521349790 475704 546/3444152 39670(3797])362 103457330003 14803001 2859 
$|5456|5200[4975'4753j4542/4341[4149]3964[2788[2618|3454/329713145[2993 2850 


5452 5205497147504 539ʃ4338041450396 [378503615 3452 3294|3143 2996 2854 
5447| 520114967 47461453 514334[4142[395813752[36121344913292[374012993/2852 
5443|519714964 474214532142 311413913955[3779!3610|3446|3289]3138|2991 [2849 
543905193 4960/4739 145281432814136(395213776|3607|3444|3287|3135 2989 2847 
5425|5189/a956/4735|45251432514733|3949[377 2|3604|2441|3284|3133/2986/2845] 


* 


543015185 4952 473422 4321 413013940137701360113438/325213130 2984 2842 | 
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0832702608327 16308 ˙3329243 3243/3-3337529|8-3445043/8-3501305[3535578 35/00 3613150 
18 3 8.3271155ʃ(8˙333022 108338849408 344599508 35027458 ·3558762ʃ8 3614066 
208321227808 ·3272 140833311998 33894598 3445947 8350368808 35596908 3614982 
3 8•321328308.327313708.33321758.33994238.34428998,35046248,35506 178.3615897 
448.3214287 $:32741271}8*3333153 339135718" 3445051 8'3505563{8*35615441$: 3616813 
518-321 52928: 32751188: 3334130[$-3392351[8-3449802|8'3506502}8-3562471]$3617728, 
618-32 16295|8-3276108[$:3335107\$* 339331 5/$:3450753]3'350744118* 35633988: 3618643] 


832172998 3277098[$: 3336084(3* 339427918 3451704{3-350837918- 356432406 36795585 
8-3218303[8 7327808708 •3 3370608339 524208 · 345265518" 35299318}8*3565251]$* 3620472 
8-32193061$:3279077|$: 3333036[8* 23992686. 3453605 835 to2 568835661778 3621387 
8322030908. 32 800668 333901208 33971688 3454555 $*3511194\8* 356710318? 3622301 

3-3221311|$:32$10551]3* 333998818: 3398131[$-34555051}8*3512132j8* 356892918 3623215 
$:3222314|$: 328204418: 33499638: 339909318: 345645 5}8*3513069j$" 356895418: 3624129 
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8322431808 328402118: 334291318* 340101 $3458 3545" 3514944[8*3570805|8*3625956 
$:3225320]$-3285009|$*3343888]83: 34019791$8-3459304j8*351585118'357173c{8' 3626869 
$*3226322(8* 328$5997!$' 3344863j8: 340294 118+ 34602 5318 351681718'3572654[8* 3627782 
8322732308 ·328698408 334583708 340390218: 3461201]}8*3517754[8*3573579}8* 3628695 
18$}8*3228324}8* 83287222 8.334581 8* $-3404864|$-346 3462150 8.318690 8 3574503]5* 3629608 


1908322932 508 32889 598 334778508 340582 5/3: 34630988: 3519626]8- 35754278: 3630520 
o]3*3230326[8-3289946|$- 33487 5918: 34967853: 346404718*3520562(8* 357635108 3631433 
113-3231 32618! 3290933}$*33497 328! 34977468: 34649958 3521498[3*3577275(8- 3632345 
2215323232613: 329191918: 335070615! 3408706(8- 3465942[8: 35224338" 3578199j8* 3633257 
38323332608 329290618: 335167918: 3409666|8: 34668908 :3 52336908 3579122 8 3634169 3 
24 $*32 34326 $'3293592|8' 3352651 8: 3470620 Z* 83467837 8* 3524304| 37 37 358c0q 518" | 


5]3*3235325]3- 3294878[8* 335362477341 153618: 3468784/]8* 352 5239]$: $: 358096887363 3635991 
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7|3-3237324|8*3296349|$:3355569|8:34135058: 347067818: 3527108 8: 358281413" 3637814 
2813*3238322[8!329783418:335054118: 34144641(8' 3471625] 8: 352804208 3583736 8˙3638724 
2908 5323932108:32988 198335751208 2341 542308 347257108 ˙ 35289768 358468808 3639635 
324931918 32998048: 33 58484[8* 341638218- 347351718: 3529910j8t3585580[8- 364054530 
324131) 83300788 8•33594 5% 8347 340,5 3474463 5 353084413: 3586502/81 3641456 
3242315|$-3301773|$:336042618:3418298[8* 347 5409[3: 35317788: 3587424{$: 3642366 
*3243313|8*'3302757|8-3361397]8:3419256|8*3476354|8* 35327118: 35892806 3643275 
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32443 1008:3 30374083362 36808 34202 148.3477 300ʃ8:353 364408 35892668 3644185 
32453055" 33047245 336333813" 3421172/8:347824515* 353457718' 359018715: 3645095 
324630518 3305708$' 336430918" 342212918: 3479189]3'3535510P8*3591108[$:3646004| 


324730118: 3306691|8"336527918' 3423086|8- 34801 3418: 3536442 ls 35920293" 3646913 
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$*3245298[8*3307674(3*3366248[8: 342404313: 348107918*'3537374[3' 359294918: 3647822 
$*3249294|8-3308656|833367218]8*3425000[8*348202318* 3538306]8*3593870[8: 3648730 
4008 ·32 502908. 330963908 ˙3368 1870[8 3425957 8348296708 ˙35 3923808 359479008 3649639 

85325128608 3310621083369 1 5683426913 53483211 8:3 54017088359 570908: 36 50 
8325228208 ˙331160308:3370125[8˙342786908: 34845 54 8: 3541102 $*3596629|3* 3651455 


4315*3253277j8:3312535|8*3371094[8! '3428825]s"348 343 5798|5-3542033[3'3597 54913' 3652363 
44|5'3254272/8:3313567[8:3372063]$*3429781]8' 3486741[$!3542964[3'3598468[8: 3653271 
45]5-3255267/8-3314548/$-3573031[8*3430736/8" 3487684[3*354389518*3599387]3" 3054179 
$*3256262|8*3315529(8:337399918*343169118: 3488627 8: 35448268: 3600306[8: 3655086 
$*3257256|8*3316510|3:3374967[8!3432646(3:3489570j8* 35457 5618: 3601225|8* 3055993 
332 55250|8'3317491|8*3375934(3*3433601[$'349051218* 354668618: 3602143]8 3656900 


8*3259244 853318472 8.337 3376902 8: 3434556 ge 34914548 3547617 3:3603061 8:3657807 
8:3260238\8:331945218*3377869|$*3435510|8:349239613*3548546[8-3603979/$* 3655713 
15'3261232|$!3320432|8:3378836(3: 343646513: 34933383: 3549476|8- 360489718: 3659620 
3-3262225/$"3321412|8*3379803|$*3437419]$"3494280,813550406[8- 36058 15/8" 3660526 
8˙326321808˙332239208·33807698 3438 37283495221 8355133888 :36067 33083661432 
3-3264211/8*332 337118: 3381736(8:3439326(8: 3496162|8:3552264|$: 360765018: 366 3662335 
$*3205204|8*3324350(8*338270213'3440279|8' 3497ko $*355319318 608 567 8: 8.360324 
332661968332 532908338 3668883441233 * ne 8236594847 13664149 
$:3267188\$-332930$|$* 33846338: 3442186|8: 349898 5087355 50 5008: 3610401187 3665054 
3:3268180|$:3327287($:3385 59918 3443138/8' 349992518: 3555979j8: 361131718: 3605959 
5326917208 332826508 :3386 56408 344409 108350086508 355690718: 36122 3418! 3666804 
9 832701630 83329243 8.3387 5298.344542 8350180583578; 50836131508. 36677691 
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3•321122108˙ | 
$:3212227|3*327213418*3331228|8*338952813-344705718*350383518*3559 5 
$*3213232[8*3273126|8*3332206|8* 339049 3[3* 3448010[8* 3504775]8* 3560809[$*3616129 
8321423715" 327411715-3333184/8-3391453[3- 3448962[8*3505715]8*3561737[8*'3617045 
$:3215242|$* 327510813" 3334161|$*339242313* 34499143 350665 5[$*3562664[8*3617961 
3-32 16246|8*3276099]8*3335139/8*3393327|3*3450866|8* 3507 5948356359208 3618877 
$-32172.5118*327709018* 3336116/8*339435118*3451817|8*3508533j8*3564519]3*3619793 
8-3218255|$*3278080|$*3337093/8*3395316|8*3452769(3*350947218*3565446[3*3620708[5 
$-3219259;8* 327907013 3338070(8*339627918*3453720]8*3510411]8-3566373]3-3621623 
$*3220262[8*3280060[8*3339046{8*339724318* 3454671 3.517783 8356729908 3622 538 
108 322126608328 1008334002308 339820608345 562108 351228808 3563226 3.362348 
110832222698 328203908 ˙334099908 339916983456 572083513226 835691 5208 •3624367 
(1218*3223272]8* 328302808 3341975083400 132083457 5220835141648 35700788 · 362 528148 
13832242748 32840178 ˙3 3429508340109 5/8·345847208 35151028357 1004083626196 
1148 32252778328 50068 3343926 S 340205808 · 345942208 351604008 357192908 3627110 
1583226279 328 5998083344901 8340302058; 3460372 853516977/8 357285508 362802345 
168322728 18328698 308334587608 340398208 · 346132108 ·35179 1408357378 8362893745 
178˙322828 3[8 3287971833468 5 108 34049448 346227108 3518851083 5747050836298 5043 
188322928 8][8 32889 598334782608 340 390608346 322008 3519788083756 3008 · 3630763 42 
198323028688 3289947 |$* 33488008 · 3406867 8346416908 3520725 8357655 5[8 3631676 41 
[:93* 323128718" 3290934[$*33497 7418+ 340782818: 3465117|8-3521661|8+3577479[$- 3632 589.40 
21/832 32288!8* 329192 1]$*3350748|$+ 3408789 $-3466066|8-3522597 $-3578403]$-3633502]3e 
228*32 3328818" 3292908($*3351722|$-34097501$* 3467014($*3523533|3*3579327|$* 363441438} 
2313" 32 34289)8" 32938951[$-3352695|3-341071118-3467962|8*3524469[8- 3580251]8-3635 327/37 
248323528988 329488208335 366983411671 8346891068352 5405083581175 83636239036 
583236289 8·329586808-3354642ʃ8 341263108 34698 57 8535263408 3582098 83632150035 
2608˙3237289 8532968 5483355861508 ·3413 5918347080583 52227508358 302208 · 3638052; 
27/832 3$288]8-3297840|8-3356587/$-3414551/8-347175213*3528210\$-3533945[8-363897413 
[513-32 392371$-3298826{8-3357560[$-3415511]8*3472599/8*3529145\$-3534868[8- 363988 32 
29|8*3240286]8- 3299811]8-33585321$-3416470[8-3473646/$*3530080[8-3585790[8-3640796|z1 
39/3*3241285]8- 3300796(8- 3359 504($* 341 7429j8* 3474592|$*3531014|$* 3586713 836417073. 
31/8 3242284]$-3301781|8-3360476(8-34183888-3475539/8"3537948}8"3587635]8-3642617 
(32183243282 $*3302766]8-3361447]8* 34193478 347648 58 35328828 35885 57]8+3643 528 
33,3" 3244280[$-3303751|$* 3362419 $-3420305|$* 3477431 $*3533816j8-3589479|$- 3644438 
34 3:3245278/8-33047351$* 33633908 34212638 3478377 F-35397 50183590401 $*3645348 
1351532462 76]8-3305719|$- 3364361]$-342222118-3479322|8* 3535683[8-3591322[8-3646258 
(30/3*3247273[$*3306703[8*3365331|$* 3423179{$- 3480268'$* 3536616] 359224318: 3647 168 
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. 8- 33672728342 509483482158 8-35 3848218* 3594086]8-3648987 [22 
39/3*3250264]$-330965 38- 33632423 342605218*3483103/$*3539414{3-3595006[$- 364989621 
49/3*32512601$-33 106 36833692 12834270098 3484047 8 3540347 835959270836 5080520 
41/33252257]8-3311619]8-3370181]$-3427965|8-3484991|3*35412.79|8-3596847[8-3651714|19] 
128.3283253 83312601873 37 1151083428922 08348 89 3608354221108 35977678 · 365262318 
43/332 54249}8" 3313584] 3372120|8-3429878|8-3436879|8-3543143|$:3598687|8- 36535371 
9.32552448˙33 1456608337 3089/8343083 50834878238 354407408 ·3 5996078 ·36 5443916 
5 Koreas 9.33 155488,33745808,343179 783438767 8.354 50068350052708˙3655347 5 
0 325723518*3316529]8-3375026(8-3432746/8-3489710/83545937[8*3601446]$-3656255|14 
Ea > 32582 30]8-33175111]$-3375994|$* 3433702|$-3490653|8-3546863|$:3602365|8-365716313 
92/532 5922418*3318492[$*3376963/3' 3434657133491 59618* 3547799/8-360328418-3658070|r2 
#9 3260219;8"3319473 833779398 343561218- 3492 5390835487298 36042038 3658978jx1 
n 8533204548 337889808 34365678: 349348 108 ·3 54966008 3605 121 9365988 5 10 
6.8.562207 8.33214348.332986608.3437522.349442 3 8.355059 f. 360 049;.36679 5 
. 3203208 8332241 508338083308 3438476 83495365 8355152008 5360695808 3661698 
38.364194 8.332339 508.338 78998.3439431/8,3496307 (8: 35524503" 3607876]8-3662605 
E Pb. 226. 44388-42242 8" 355337918" J 294.3662811 
55/8" 3266181/8*3325354 $'33837331|3 3441339]3* 349$191/8-3554309|8*36097111]3*3664417 
50/5" 3267173'8-3326334|$'3384700|8 3442292 8.3490 328.3555238 8361862908˙3665323 
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57/8:3263166'8-3327313 $-3385666|g* 344324608 3 500073 835561678 36115468 3666229 3 
5 33269158 8*3328292|$-3386632|8* 34441998 350101483 5570968 361246308 3667135] 2 
16.3.7151 8.33292 7183383 597 8344515835195 8355802 4/8·36 133808306804 
f 


7] 3271143 $*3330249(8*3388563/8: 3446105|$:3502895|$*2558952[$*3614297|8* 3668945] c 
/ —  — — — ͤ ſw———v.. —gu | — — 


N e © 
Corax c N Ts.. 


FR | 


Ca 
0 
— 


1 Deg. | 


PPP 


Las ls 2 — o | 2 


7 


COT 


_ 


18.3712766 


$13*3719922 


Bo | 
$*3067769 
8:3668674 
$*3669578 
$+3670482 
8+3671386 
83572290 
S*3673193 
$*3674097 
$*3675000 
3*3675903 


8367680608 


83677708 


12 8367861108 


83679513 
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8$*3740431 
$*3741321 


8*3743099 
$*3743988 
$*3744877 
83745766 
83746654 
83747542 


83749318 
83750206 
83751094 
3751981 
83752868 
83753755 


83755528 
83756475 
83757301 
83758187 
$*3759973| 


83760844 
53761729 
83762615 
8.3763 500 
$* 3764384 


3*3788206 
3*3789086 
83789965 
83790845 
83791724 
83792603 
83793482 
83794361 
83795239 
83796117 


83796996 
83797874 
83798757 
83799629 
83800 507 
8374843008 3801384 
83802261 
83803138 
8380401 5 
83804891 
83805768 
83806644 
838075 20 
83808 396 
83809271 
83810147 
83811022 
83811897 


9.3759259 8.357277 

$*3813647 
$*3814522 
$*3315396 
$*3816271 


22 
83774988 
83775870 
8.37767 83 
83777635 
53778517 
83779398 


83780280 


83781161 
83782042 
83782924 
83783804 
83784685 


83785 8668 


—— —ꝛ—•¹ͤ—h¼: 


83786446 
83787326 


3817145 


3376 5269 
53766153 
33767038 
53767922 
53768806 
8. 3769689 


3818019 
3818892 
3819766 
3820639 
3821513 


3 


80883832848 


38223868 


83827620 
83828492 
83829364 
83830235 
83831106 
83831978 


83833719 
8.353459⁰ 
8.383540 
83836330 
83837201 
3838070 
83838940 
8538398 10 
83840679 
83841548 
83842417 
83843286 
53844155 
83845023 
83845892 
83846760 
8-3847628 
$*3848496 
5* 3849363 
$*3850231 
$*3851098 
$*3551965 
$:3852832 
83853699 


93854565 
83855432 
33856298 
83857164 
83858030 
83888896 
83859761 
83860627 
83861492 
83862357 
33863222 
83864087 
33864951 
83865816 
83866680 
83867544 
83868408 
833869271 
83870135 
53870998 
33871861 
83872724 
83873587 
3874450 


247 


— 


257 | 


2670 


83879622 
83880483 
53887345 
33882206 
83883067 
83883927 
83884788 
5388 5648 
853886 509 
83887369 
83888229 


838890888 


83889948 
83890807 
83897666 
83892526 
33893384 
83894243 
8*3895102 
$*3895960 
$*3896818 
83897676 
83898834 
83899392 
8.390049 
8 3901107 
83901964 
83902821 
9.393678 
83904534 
83908391 


853906247 
83907103 
83907959 
839088 75 
83909671 
83910526 
33911382 
83912237 
83913092 
83913947 
83914801 


| 


$*3931008 
$*3931859 
$*3932710 
$*3933561 
53934412 
$*3935262 
83936113 
83936964 
$*3937814 
53938664 
$*3939513 
3940363 
83941213 
83942062 
83942911 
83943760 
83944609 
83945457 
8.3946 306 
83947154 
83948002 
8.39488 50 
83949698 
83950546 
83951393 
83952240 
83953088 
83952935 
83954781 
85395 5628 
839 56475 


83996913 


84006127 
84006964 


83987793 


8398263408 


83983475 
83984316 
83985157 
83985998 
83286839 
83987679 
83988519 
83989389 
83990199 
83991039 
322.879 
33992718 
83993557 
83994397 
83995236 
83996074 


83997751 
83998 590 
83999428 
84900266 
84001 104. 
84001941 


94002770 


84003616 
5*4004453 
$*4005290 


$*3957321 
8*3958167 
83959013 
839598 59 
83960705 
839618680 


83962395 
83963241 
8 3964086 
83964930 
83965775 


83915656 
83916510 


839173648 


83918218 
83919072 
8 3919926 
83920779 


83966620 


8:4007801; 
$*4008637 
54009473 
$*4010309 
84011145 
84011981 
84012816 
84013652 
84514487 
84015322 
834016157 
84016992 


83967464 
3968308 
83969152 
83969996 
83970840 
83971683 


83921633 
83922486 
$*3923339 
8*3924191 
$*392 5044 


53770573 
83771456 
33772339 
83773222 
83774105 
83774088 


— 2 


397 


go 


2 ©0] 099 © 0 CO O01] 0 


0*3324131 
$*382 5004 
$*3825876 
83826748 
83827620 


3823258 


33925897 


83875312 
83876174 


8387870 
83879622 


370 


8387703718 3928453 
838778988 3929385 


8.396740 
83927601 


83930156 
$*2931058 


83972527 
853973370 
83974213 
83975056 
83975898 
8397674 
83977583 
83978425 
83979268 
83980109 
53980951 
33081793 


35˙ 


84017826 
84018661 
84019495 
84020329 
84021163 
84021997 
84022831 
84023664 
84024497 
8402 5331 
84026164 
84026996 
84027829 
84028662 
84029494 
84030326 
84031158 
8.431995 

4 nd 


7 


84046937 


84049423 
8*40502 Hh 
8*4051080 
8*4051998 


8*4052736 
$*4053563 
84054391 
8405 8218 
84056046 
84086873 


84057 7 
84058527 
84059353 
84060180 
8406 1006 


84062658 
84063484 
84564310 
84065138 
8406 5961 
84066786 
84067611 
84068436 
84069261 
84070085 
8407090 


84072558 
84073382 
84074206 
54075030 
84075853 
84076677 
84077500 
84078323 
84079146 
84079969 
84080791 
84081614 


33 


— — 


a Cos iN Es, 


. 


84034485]; 
$*4035316 
8*4036147|; 
84036978 
84037809 
54038639 
8*4539470 
84040300 ze 
84041130 
84041960 
84042790 
84043620 
84044449 
84045279 
84046 108 


84047700 
54048594 


84061822 


. 


r 


ir 


=y 


| 


— 
82 


| 


- 
—_— 


—_— 


— 


oo<a | onus i wa 2 ws 51 


—— AI — —— — 


2 


—————— —— , eee e 


rere 


1 


=| 
0 


| 


Log. Taxnctnts. © | 180239) 

f F 230 24 n 
8 a Ter * Nr e eee 
8366894508 ˙3722915 8377622308 382888 83880915 39 3233683983152 84033381 
8.36698 508372 380983777 1068.38297 5818*388178c18* 3933107 8˙39839948•4342130(52 
3.36507 558372470308 ·3 7779896383631 838826420839 34039 8848384035048 
13-367 1660/8" 372559615" 3778872 $-3831503|8-388 350413 393489118*398567718*4035577157) 
46. 3672 56483726489 8.3779 7548˙383237408˙388436508˙39357428.3986519 9.403709 56 
8.3673468 8-372) 38308˙37806 3608.383324 838852278 39365938 398736015*4937 541 [55] 
613* 3674372 $*372827513*37815191]8*3334117 $* 3886088 3*3937444|3* 3955201 84038372054 
85367 527683729 76808 3782400838 3498908.3886940 8393829568 ˙3989042[8 403920353 
46.3678 18e fs 373606 8378328208383 5860]8* 3857509 3-393914518* 398988308 40409935 52 | 
4$-367708318* 27 30953]3*3784164j5* 3836731 $-38886701$* 393999613* 39907 23|$*4040806}5T} 
ic18* 3677937 |8*3731845]3*3785045]8* 3837601 $*3889530/3' 394084083991 5648404169650 
[13 3678890|$*3732737|33785926|8*38 3847218" 3890391 839416968 3992494154042 527149 
1213*2679792|$*3733620]3* 278680718: 383934218" 18912 5183042 54618" 3993244|34942355 48 


——— — 


13/8: 2680696 $:373452118*3787688|8* 3840213 8*389211 ee 8 399408408 404418847 


N 
2 


— 
— 


r 


P * — by 
— — — —— A — 
22 * 


— 


1 
— — — 
— 


14 8˙268 189808 ˙373541288˙3788 569 8.384108 3083892970 83394424608 3994924 84045018046 
198-3682 5518-36 304 337894498 33841953 8: 3893830]2- 3945095 3: 39957 64/3'404.5545 45 
10 3*2683403[8*373719<[$*3790329]$* 384282218" 3894689 83945945 83996003 84046675144 
178*3684305|3* 37 380$6]3- 379120918" 3843692[8"3595545 839467948" 3997442|5 4947 508143 
18.5-3685207|$* 3735970 8*3792089|3* 3844561 8: 389640$|$* 39476438 39983252 8˙4048337 42 
193-3686 108/8* 37 3980783792909 3345430 8*3897266/5" 3943492 $*3999121/5*4049167|4L] 
203-3687 910\3* 37497 578.3793849 3-3846299|$: 389812 518-3949 3493 399995915 4049996140 
21/8-363791118* 3741647 3*3794728|8* 3847168 838989848 3950189 84000798 8.405825 39 
22\3+3633812|8* 3742538 3379560708 3848037 8-3899842[8* 3951037 8-4001637|8"40516543 
8 8 71S" ; : 70008 88 81084002475 8405248337 
138˙36897 13|-3743427]3" 37 96436]8* 384890518: 39007002" 395159510 7 275.4524830 
146•359061408•4744378—22——58 8384977483901 $538" 222 4053311139 


— 
— 


. —— — — ↄ — — — 
892 * n > Hae pap — l 1 1 Es 


F 
—_— — 


T L ra 
— 
— . 
* > 
= — - 


8 


Te- , ap | Þ . . Wane s 840041 51 8 405414035 
258369151408 3745206 83798244838 5064208 390241608 3953581 '4 : 
26 83092414 $-3746096|8-3799122]8"3851510 $-3903274/8* 395442918 4004089 84054908034 
17 8-3693315|8-3746985|$*380000118*3852.375 8.3904 131839552768 4008827 8.45796033 
28836942 1508374787408 3800879 838 5324583904989 83956124 5. 32 
208369 5114083748 762083801757 8.385413 8.390 88498.3955378 84003 5028 40574205 
110$:36960r415* 374965 1|3* 3802634 8.38 8498083906703 8.39578 18084008 33908 4058230130}. 
318" 8 8 8 85 8 3068068 C 40091768 405910729 
51836959 173 8375053983803 5128˙3855847ʃ5 3907 560083958065 9 7 
12 8:3697812|\$*37514.28|3* 3804390 83856714 3*3998417(8"39595T1|5*401001 3 8.45935 ny 
338369871108 375231608 3805207 8385758188 3909273 83965358 840108 808.4060762 27 
348369961008 375320308 33806144 8·38 5844883910129 839612048 4011686 8.4001 58902 
358.3700509 $:375409118* 3807021 $:3859314|3* 3910986 83962050 84012523 8.462416 25 
36 827014078 375497918 38078958 8 3860180 3.301184208˙3962897 840133598 4063242 244 
1 . . Py: . „ ws F* 'Q » 8406496923 
37 8.3702 3068375 586608 3808774ʃ5 386104615 39126978 3903742 8.414195 4064 
388.3503204 83756753 $*2809650]3* 3861912 8 3913553 $:3964588,8 4015031 8.464895 * 
3033704 1020837 5764083810527 8 386277888 3914409 839654348 4015867 3 21 
93704999 837585278 3811403 8: 386364 3|$* 3915264 33966279 84016702 8*40 548120 
41]8-3705897\$"37 59413|3* 381227813 3564509 $*3916119|$* 3967 124/$*49175 38154067374 12 
2 8.3756704 083780290 838131848386 52748-30 1697483967959 8-4018273(8:40081991! 
neem e Fraorcacs F 306902 lf 
433 ˙37070920[8˙376 118608 38 1403083866239 8 391782915 39588 1408.4019205 4 9 
e 3880 838 1490583867104 83918684 3396965905 492004 3 1222 16 
4513-3709485|$*3762958|3*3815780($* 3867909 $-3919538|$* 3970508420878 - 1407067615 
46/$*371038218* 376384 3}3* 3816655 $:3868833(3* 3920393 83971348 9.40217713 4071500 14 
4713'271127$18*3764729 8.38 1753083869698 339212478˙3 97219284022 547 8.47232 13 
46˙3712175 8376561468 ˙38 18404 $*287056218©3922101 8.307336 8.4023381 8-425 12 
49 $*3713071 8.376640 83819279 5 38714260(8˙3922955 3973880 9˙ 4024210847375 11 
6983713967 N 33820153 83872290 8· 3923808 391472413-4025050|8-4074800 10 
518.3714862 8376846908382 10278˙3873153 08.392465 3975867 8.452 58849 40756249 
528.3715758 837691530838 219010[8˙38740178.39 28578 397641108˙4026717 8.476440 8 
538371662 3/$-3770038[8* 382277 8J5•38 7488083925368 *2977254|5*4927561 34077273) 7 
5483717548185 377092218" 332 3648]$* 387 5743] 53927221 39078007 8*4028384\5*4075297) 
55377844; 8377 180613- 3824522/8* 3876606|3* 3925074 
896.2779338 377269008 53825395 1. 87752 | 
$/19*372023215* a\$*3$26262|8+3878332|5" 3929779 ; 85 
5883721 127 ng 83827141 83879194 4.22754. 398 1460708 403171608 4081391 
9 

8 


; . 
7 o 
4 
1 s 
= 
: , 
: 
19 
* 
— i 
2 
4.8 
- 4 73 
"In 
* * 
* 
b 
4g 
% | 
» / 
) : 
: 
3 | 
1 
IE | 
r * 
0 0 
. 4 
.'. 


4” 


5 — RT; %. »— , 


a „ — 
— „ 3 x 
ns * 5 
E 
n . . 
: 


- 4 2 
* 
C= 8 
= — = — — — —— — —— oc — __J—_ _ 
— — — x - — —— . . > 4 


| 


Y- © © © ©) 


397894008 40292 I 784078930) 
3979782 840300 5084079744 
398062508 403088 384080567 


G Jo» GM (X 


5 
5983722021 *277534c $:3828014|$: 3830056 3931484 3982310084032 5495 4082214 


£0 72291s ©3776222|8* 3828886|8* 3882918 3932330 W eee 

Faro : — — . — m— 18585 / yy 

e Fe. e nee 
"I > ; 88 Deg. 


9 Corax CEN TS. 


0 09 ©9 O O O C ©© 


[ © = . 


— — 
— 
— 


9 


— 


(240) 1 


— —_—_— 


cg. 


28/ 


— Q 


Ou þÞ w 


[ 


\O 098g 


1$*4091471 
$*4092291 
$*4093111 
584093931 
84094751 
84095571 
8184096391 


84081614 
84082430 
840832 58 
84084080 
84084902 
84085723 


84087366 
84088187 


84089829 
840906 50 


207 
54130676 
34131489 


300% 


84179190 
54779994 
8413230208 ˙4180798 
8413311508418 1602 
8$*4133927|3"4132405 
$*413474915'4183209 
8*403654513*4135552 84184012 


8˙4136364/8 4184815 
8413717608 ˙418 5618 
8408900888 41379880 84186421 
841388008 4187223 
8413961108 4188026 
841404228 •4188328 


317 
9 4227168 
84227963 
842287 58 
$*4229553 
84230345 
84231142 
84231937 
34232731 
84233525 
54234319 
84235113 
84235907 
$*42 36700 


841412348 4189630 
8414204508 4190432 
841428 5606841912 
841436668 4192036 
8*4144477|8*4192838 
$*41452871$*4193639; 


$*4110301 


34097210 
84098029 
84098849 


8. 4100486 


84102124 
6 8•˙4102942 


8404578 
$*4105396/ 
84106214 
31 84107032 

84107849 
84108667 
8409484 


84111934 
84112751 
$-4113567 
84114383 
84115200 


84116831 
84117647 

84118462 
684119278 
84120093 


8˙4122537 
84123352 


84124981 
$*4125795 
$*4126609 
$*4127422 


84129863 


Ty | 17 | of | 
„ | — 


85414609808 4194441 
8414690803419 5242 
8414771808 4196043 
8409966808 4148 528084196844 
8414933708 ˙4197644 
8410130 5[8˙41 5014784108445 
3˙41 5095684199245 
3415176508 4200046 
8·410376⁰ 841525758 4200846 
841533838 ˙4201646 
84154192 84202446 
8415 500184203245 
8475580908 4204045 
8415661808 4204844 
841574268 ˙420 5644 
541582348 4206443 
841 5904284207242 
841111180841 508 500842080 
8 4160657842088 39 
8416146 5084209638 
84162272 8˙42 10436 
3416307908 4211234 
$*41633861]8*4212032 
8412601 58-4164693 84212830 
8416549908 4213628 
8416630608 4214426 
8416711208 ˙4215223 
8416791908 4216020 
3416872508 4216818 
8 412090888˙4169 53 1842176185 
3˙412172368˙4 17033608 4218412 
8417114208 4219208 
841719480842 20005 
8402416608 417275308 ˙4220801 
841735 58684221598 
84174363 82223904 
8417516808 ˙4223190 
541759738 ˙4223986 
8412823608 41767778 4224782 
8412905008 ˙417758208 4225577 
8417838608 4226373 
841306768 417919008 4227168 


84237494 
8˙4238287 
84239080 
54239873 
9.424666 
84241458 
84242251 
54243043 
84243836 
84244028 
34245420 
$*4246211 


84247003 
8 4247795 
34248586 
84249377 
34250168 
3*4250959 


Loc. Sin ES, 8 


LE 
84321561 


E 
5˙4367999 
34368768 
34369538 


84274621 
84275408 
84276194 
84276980 
84277766 
84278552 


84323895 


84371846 
34372615 


84373384 


$*4325450 


84280124 
8 4280909 
84281694 
84282480 


8437492 108 
8 343756908 
843301128 437645808 
8433088888 4377227 


84328558 
84329335 


8428 5619 
5˙42864048 4333217 
843347698 
8$*428875618*4335544 
84289545 
84290324 


84383368 


34335646 
$*4385669 
$*429345813*4340196 


3-43409970 


84387968 
84388734 


84295024 
8˙429 580784342519 


542965908 ˙4343294 


84390266 


84298 14084344842 


84251750 
842 52541 
8453331 
844254122 
$*4254912 
84255702 
342 56492 
84257282 
842580701 
84258861 
54259650 
$*4260439 
84261229 
84262018 
84262806 
874263595 
84264383 
84265172 
3426596 
84266748 
84267536 
84268324 
$*4269111 
84269899 
84270686 
$*4271474 
84272261 
84273048, 
84273834 
34274621 
287 


Ke, £2 


$©4391795 
84392564 
84393329 
84394094 
843948 59 
84395624 
$*4396339 
$*4397154]S" 
$*439791918* 


8-4345616 
$*4346339 
$*4347163 
$*4347937 
84348710 


84299719 


84302064 
84202846 


—_— — 


84350256 
34304409084351029 
84305 190 


84352574 


843541198 


34354392 
$*4355664 


84400976087 
84401740 
843572078 44032675 
84352979 


$*4310654 
543171434 


84312213 84404794 


5.05557 
84406321 


re ww ee. Tio Www ee „eee eee e no e MD 35 MN 0 ee - | — wy oy wy ww 1 — 


8*4361064 
$*4361835 
$*4362606 


$*4314552 
54315332 


84316890 
84317669 


84407846 


84400 372 
8440134 


Oe. en . C. mM ii en wn wWYN 


84319226 
84320004 


$*4321561 


34411659 
$*4366459 
84367229 
84473044 


2 - 


Tos. 


— ———— ee ee ens — — — — =s ä — nn 
i Deg. Los. TaxctxTs., (24) 
Il 2 8/ 29 30/ | 317 320 | p 33/ | 34/ 36/ il 
$:4083037|8-4132132[$*4180679]8-422869c|8'4275176|8*4323150{[8*'4369622|5*4415603|60 
$:4083859]3"q12294518*4181483[8*422948518*4276963|8*4323929|3*4370393(8*4416365]59 
$:40$468218*41337591$*4182288[8*423028118*42777 50[$*432470713*437116318*4417127]58 
8:4085505|$-4134572[3*4183092|8*423107618*4278537|3'432548618*437193318*4417889]57 
$:408632713*413538518*4183896|3*423187218*4279324.|8*4326264|8*437270318* 4418651156 
$-4-87149/8-4136198[$*4184700[8*4232667[8*428011c|8'432704213*437247315*4419412]55 
8-4 $797115*413701118*4185504(8"42 3346215*4280897|8*4327820|8*4374242|8*4420174]54 
8 4: $793/8-4137823|8-4186307|$'42342 570 8428 1683 84328 598 8437501208 442093053 
8458961508 413863608 418711108 ˙423 505105 ˙428246908 4329375 8437578108442 1697/52 
940904368 41394488 41879014,8 4235840842832 558433015308 ˙43755 5084422455951 
1008 · 409 12 5808414026108 41887170842 3664008 42840410843 309 3008437732008 ˙442 3219 
118409207908 ˙414 107 3[8˙ 41895288 ˙42374348˙428 4826084331707 84378089 8˙442 3980 49 
128409290008 414188 58 419032308 ˙42 3822984285012 3˙43224848˙43788 5708442474048 
138409 372108 ˙414269668419112608˙423902 3084286397 84333261 84579620 85442550247 
148409454208 ˙4143 5080841919298 42398 160842871828 ˙433403 808438039508 442626246 
188.409 536208 ˙41443 19841927318 42406 100842879688 43348 568.4381 1630824427023 04 
10 8·409618305414513108˙479353308 42474048 4288752 8˙433559108˙438193 184422783044 
7 849 844594208 ˙4794335/8˙4242 19784289537 843363680488 27084428 543143 
13/$1409732 :13*41467 53]$*419513818*424299c(3*4290322(8*4337144/$*438 346818"4429303[42 
19$:4298643]34147 564|5*4195940[3*424375315*429110615*433792018*433423515*4430063/41] 
20/8:409946 ;[5*4143374|5419674115*4244576/5*429189115*433869615*438 500315"4430322|40 
21 8-410028 3\3*4149185[8-419754315*4245369|3*4292675|8*433947210"4385771[8*4431582[39 
22/$4410110313*414999518*4198344/8*4246162(8*4293459|5*4340248|3*4386533[5"4432341138 
23/8*4101922[8*4150805[8*4199146[8*42469 548 42942438 4341023084387 30618*44331011|37 
24/$*4102.74113*415161618*419994718*4247747/8*4295027 84341799 8388238443388 26 
25 84 fοσνe˙ 4524258 420074884248 539842958 11084345748 438884008 4434019035 
26,3'4104379]5*4153235|$*420154918*4249331|3"429659415*4343349|8*4338960713*4435378|34 
27 3:4105198[8-41 540451$*420234918*4250123|8'4297377|54344124[5*4390374/5*44391 37133 
2 

57 

30 


1 


„ oe 1 


A — 
_ 4 N " — — p 
— — — LS — Rs _— = — 2 
= — + — hd * * — . 
FS * 2 "my"? 
5 2 8 3 Ls - 2 * 


———̃ —œñ—Mẽʒ 
— 7 — 
2 «+ o_ 
— 2 5 
— 
— 8232 — - 
- -- 


2 - - __ : MN 


DES — n 
— — 


28 8.470677 841548 540842031 508-42 509 158429816108 43448998 439114008 443689503 
20 8 Jr0b83 [8415 5664542039508 425 17068 ˙42989448˙43456748˙43919078˙4437654 
398*4107653]$*4156472ſ$*42047 50842 52490808 ·4299727 84346448 84392573 87443841: 


31841084728 415728208 4205550842 53289843005 1008434722308 4393440 4439171 
328410929 [8415809 106842063 5008 · 42 540808 · 4301292 84347997 84394206 84439929 
358.41 10107/841589 008 42071 500842 5487208430207 58434877108 4394972 84440087 
34.3'4110925|3*4159708|8*4207950|$*425 566284302857 8434954508 43957388 4441444 
3534111743]8*41605178-4208749184256453184303639|8"4350319/8*4396503/8"4442202 
[39/8 4112.560f8*4161325|$*420954918*42 57244|$*4304422[8*43510931$*4397269 $'4442 960 
1.4. 133778 416213308 421034808 4258034 8$*4305204 $*4351867|8*4398034|8'4443717 
3 9.414794 841629418 42111478 ˙42 5882508430598 508 ˙43 526408 43988008 4444475 
398.4155 1708-47637498˙42 1946842596158 ˙43067078˙435 341384309 565084445232 
s Arrzszͤ 8.41645 5608˙42 127450842 8430) 549843548705. 44 003 5008.444598 
41's 4116645|3*4165364|8*421354313*4261195|$:4308330(8*43 54960 $*4401095 $*4446746 
428*4117461|8*41661711$*4214342|$*4261985|8*430911118*4.355722($*44016c|$*4447 503 
0315-44 1827888 41669795 ˙%42 1514008 42627748 4309892084356 5008440262408 4448259 
8 19994]8*4167780|8*4215938|8*4263564[8*431067318*4357278/8*4403 389 [374449016 
44 7772975 $-416859318'421673618'4264353|8*4311454|3'4355051[8* 4402415315 *4449772 
rent 8416939908 42175348 426514208 43122358 4358823 8˙44049 18084450529 
478˙ 41215408 -4170200½8 421833208 42659 3208 ·43 13010084359 59 58 440568208 4451285 
4 — 92357 $*417 1012 84219130 8.425672 8˙43 370084360307 8440644608445 2041 
2.772775 841718190842 1992784267509 8.45 14576|S*4361 139 04407309 $*4452797 
- 4123988 $*4172625 $*4220725 $*4268298!1$*4315350 © "4301911 84407973 84453582 
a 1 3-4173431[$*4221522|3*4269-86|8*431613613*436268313"4408737|$+4454305 
4 14720 84174237 84222319 84269875 8431691608 ˙4363455 8.4400 500 84455863 
548•154732 8•417504308˙4223 11604706638 43176968 ˙4364 2268441026308 4455810 
=|_$12724713'417 584818422 3912$427145118'4.31847618*4304997|5" 4110271814456 574 
TTC 
eolget £701 0"417745918*422550518427302718'432003415"4300 5401>"4412553]8*445504 
58 58 8417826408 ˙4226302 1 543208 148 ˙43673 1008441335 84458839 
908.33 554/417996984227098 KA 343215930868 8108441407808 4459594 
8 


1 te of 
28202 


1 to to 


+> on 


* 
* 
»S 
k ; 
1 
* 
0 1 
* * 
4 þ 
. 
. . ＋ 
. 
2 
. 4» 
"+ 
» 
: 1 
A 
** 
E 
: 
- 3 
F288 
4.8 
7 1 
* 


„ 2 0 2. 
__ 


209 O — ND Www 


. A ami por IE 
— - —_ A by 


09 


— — — — D — — 


6g $131318]8'4179874[3-4227894[5'4275389[3'4322372|5'436385 -[8:4414841]$"446034% 
71 31 32132138*4180679[$'422869c[8'4276176]3*232315$*4 3096+ :1$1441 5603[314461103 


ABS | 30 ] 29/ D 
CorAN GEN TS, 


0 — 5 


3 


= 
or 
oC 
is 
— 
oz 


il 


„ 


—— 


N 


— 


5 242) 1 Deg. © 


Los. SINEs. 


_ 


— 


* 


| 
ff 
q 
60 
| 
| 
| 
| 
| 
| 


— * —Ä— 2 — — 


— 


r 
"08: 445940918*4504402 8 4548934 8459301308 46366498 46798 508 4722020 8˙＋ 474984 
1844601638 45051488 4549672 8˙4 59374408 40373728 46805678 474333508 "$705006 
28˙44609 16 8450 8943 ˙45 504108 45944748 463809608468 1283847240 | 
38445667 [8 45066408 228 8459520846388 198468 1999 84724753 8 4767091055 
48446242308 ˙450738 5 5188608 45959368 46395428 468271508472 5462 314767793136 
885 4463176/8:4308131 3 4572624 845966668 464026808468 3431847201718 4768495155 
$*446392913*4503876]5*45 53362 $*4597396]8* 8*4 640988 8 8468447 8 220880 874769197; 
8 4404082 450902 8'455409915*45981 2618464 4041711 $:468 4684862, 8:472 4727589 54769899 53 
84465435845 103660845 548 37845988 5608 46424348468 5578 84728297 847052 
*4466188|8-4511111]$*45555741$'4599580[8*4643 1 5684686293 84729006 84771302051 
8446694845118 56/8: "4556371 $:46c03151]$*4643879{8*4687009'$'4729714'8" $772004 50 
84467 9308. 51260119: 45 570488460046 e 84687724847 30422 8 49 
2 1446844518? $:4513245 3485778 $*460177 «58 464822208 6884398 847311308 8.47734⁰0 48 
84469197 $*4514090 4514090|8*4555522 Z*4602505 8464604608 7689784 80 4731838 8.47 4774107047 
8 44699408. 45148 4 8545 592 50846032 340846467088 468586084732 5468 4774808046 
$[5*4470701/$*4515575154559996 1 84647489 846905848 473325418 ˙4775509f43 
8447145308 ·453163228˙4560732 8.4694692 8464821108 5.49129808. 473390287 44 
84472205ʃ8·˙4517606663˙45614688 460542 16846489328 ˙469 2013847346698 4776910 43 
8134472950845 178 1068 ˙ 4862205846061 508 46496 548 469272718 $*4735377/5'477 42 
1(8-4473707|$:4518553[3'4502941[$-4606878 $*4650376;8 4593441 8 94736084 8477 2778575 41 
£13*447 445918: 4519297 3:436367718*46076078-4651097;$:4694156,8"47 36791 49 
08 447521008 (8*4 52004c[3*4564412|[8*4608335[$*4651831818*4694870|8*47 37498 39] 
344750618 proves pe 845651488 96098640846 52 539 846955830 84738205 8 
84476712 8˙452152718˙456 5884846097928 465320008 46962978 4738912 2137 
24857 4477462 8452227845666 1908461052008 465 3981846970118 4739618087 36 
20 354478213 Ye 45230131[5*4507354\8*461124818*-4654702|5*469772515* 4740325 35 
3478963, 8452378887 4568090 3461197608465 5422846984388 4741032 34 
71514479714 '$:4524498|8*4565825|$:4612703 $*465614318*4699151184741738 33 
544804648452 52408 ˙4569 56008461343 10846568638 4699865 84742444 32 
2008 448121408 452598313*4570295|3*4614158j8 4657583 84578 84743150 31 
3c 5 5*4481964 8452672 5[8˙487 1029 84614885 8˙46 58 203 '8:470129113*4.7438 5618 4288959 0 
51 8271 87427467 ˙4571764 461567308 465902318: 4703 847442 5 47867 05 00 
384483453 $:4328209/3*4572498|8:4616340|8 46 50743 8470271608 4745268 8478 740% 5 
3308 ˙44 8421384528958 457323308746 7067 84660463 847034298 47459748 Dudes 27 
348˙4484962 845296938 45739678 461779408 466 1182 8470414108 4746679 26 
3508448 571208 ˙45 3043484574708 46185208466 1902847048 5484747385 25 
3008448546108 ˙453117668 45754388 ˙461902478 466262184705 5668 4748090 8. by 
3” $*448721018-4531917]8$*4576169/8*461997318*4663340($*4706273|8*474879 5 23 
35|5*448795918*453265915*45759021$+4620700(8*46640598*4706990\8*474.9500 „ 
398448870808 45 3340008 ˙45776 3608462 1426084664778 84707702847 50 21 
84489456845 3414108˙4578 36984622 1528466 5497/8 47084148 473 185 4702994020 
84490205845 3488 16845791038 4622878 846662 16084709 1260847516158 4793692019 
8440095208453 56220845798 3608462 3604846669358 47098378 84782320ʃ8 5 99 98 
5449 1716˙45363630[8 45305695 462433005 ·466765308 47 1054984753024 4 
. 44924508.4537203˙458 130208462 5055084668372 8˙471125008.47 537298. 18 
5(5*449319815*4537844[5*45332035|8*4525781|8*4669090/8*471197115'4754433|8" 15 
8 4453945 84538 584845827688 4626 5068 46698088 471268208 475513708 80% 
2085 4992677 845393248458 35α8:462723 18467052608 ·4713 3930847558418 13 
4495441[$:4540064[$*45842 33 8:462705718:4671244/$*4714104[5*4756545|8*4799575/12 
4% 4965188 $:4540804|8* 58490 5 4628082 25. 467 1962 8471481508 47572498. in 
8.44969368˙45415438• 585697 846294068 46726808 ·47155268 4757953 *. 
8 4975830845422838• 52042915 4630131084673 3978471623608 47586 56 8. * 
> 449343005˙4543023 8458716140308 568467417508 4716947 84759365008 
974499177 3:4543762 *4587893 3*463158018:467483218'4717657|8*4760063 59 7 
$*44992924(3454450113*458862 5,8*4632 2 325184675 549|5*4718367{5*4760766 3 
8*450c67 1134545240 *4589357 8" 4633929 929 8 4676266, 84719077 8470 2 5 
3-4501417|8"4545975 4590088 84633753 3:4676983'8:471978718:4762173' , 
5.4502 1648.454%½%8 8.45008 19 8.434477 5467 708472497 8.47 6287508 480484] 3 
85 4502910|8* 4547457 "459155118 '4035201|8 467341713 3472120708 4763 57808 4305546 2 
5459365 56081 4548 195 459 922828 8463592 58 46791348 4721916 84764281 8 4806236 : 
5 4894402 8 45489348˙ 45030133 ˙4636640 8 470850 8 4222020 8 eee 7 
. = = 5 'N 17 A Wi 
(CO$INES, 88 Deg: 


* 


| 084461103 
18˙44618 57 


— 


3 
84506131 
84506878 
34507624 
5.450837 
84509117 
84509863 
84510609 
54511354 
845 12100 


34513591 
84514336 
84515081 


8 D. 


38. 

54550099 
84551438 
84552176 
54552915 


84553654 


84554392 


$*4555130 


$*4555565 
$*4556607 


84557344 


34558082 
34558820 


84559558 


48447979 
254479921 


28 8˙4482174 
2984482925 
20/3*4433675 
31/5-4434426 
132/3*4485176 
3354485026 
3484486676 
3584487426 
3084488176 


8 


— 


— ——— 


438.4493420 
4484494169 
4984494918 
4844956668 
478495415 
— 492103 
4984497911 


22222 
GO 


$*4515826 
84516571 
84517316 
84518061 
84518805 
50084519549 
54520294 
84521038 
84521782 
84522526 
84523269 
84524013 
844524757 
$*452 5500 
$*4526243 
$*4526986 
5*452772.9 
84528472 


54560295 
84561032 
845617659 
84562 506 
84563243 
84563980 


8˙4564717 


84565453 


84566190 


84566926 
84567662 
84568398 


54569134 


84569870 


84570606 


54571341 
84572077 
84572812 


84529215 
84529957 
34530700 
8453442 
34532184 
84532926 


5684533668 
$*4534410 
$*4535152 
$*4535893 
84536635 
84537376 


84574282 
84575017 
84575752 
84576487 
84577221 


84577950 
84578690 


84579424 


84580158 
34580892 
84581626 


84594814 


54595545 
84596277 


85459708 


84597739 


34598470 


84599201 


| wr — 
8*46 38486 


"Loc. Taxcenrs. 


— 


84639211 
84639935 
846406 59 
84641382 
84642106 
84642830 


54599932 
84600662 
84601393 
84602123 
84602853 


8483884 
84604314 


54605043 
$*4605773 
84606 503 
84607232 
84607962 


84608691 
5460940 


846 ·0149 
84610878 
84611607 
84612336 


84613064 


84613792 
84614521 


844615249 


84615977 
84616705 


84573547 34617433 
(8*4618160 


$*4618888 
84619615 
84620343 


8462 1070 


8. 4643553 
84644270 
39404 5000 
84645723 
84646440 
84647168 


8468172 5ʃA5˙4 

8468244208472 5248 
$*4633159]5'4 

$*468337513*4726667 
$44684 592134727377 
$*408530915*4723086 
$*468602 515*4728796 


3468674108 4729505 
8•473²-4 
84688 174084730923 
8468889908473 1632 
5468960808 4732341 
8469032108 ˙473 305 


84087458 


| 43? 


— H— 


724538 


725957 


846478918 469 103784733758 


84648614 
84649336 
8˙46 50059 
84650781 
84651503 
8465222 5 
8.452947 
34653669 
8.454390 
34655112 
84685833 


84691752 
8469240808 4735125 
84739884 
5469389808 4736 592 
84694613 
8469 5328 
84696043 
854696757 
84697472 
84698186 
3*4698900[5*4741 545 


84693183 


3*4734467 


$*4737 700 


3*4766933 
3*4767636 
5*4768339 
547092 
84769745 
84770448 
34771150 
54771853 
5 477255505 
847732575 
8.477395 
84774501 


84775363048 


847705 


84777408 
84778169 
84778871 


847292242 


84740131 


8.456555 
84657276 
84657997 
84658718 
84659439 
84660150 


84701756 


84660880 
8466160 
84662321 
84663041 
84663761 
84664481 


5˙4699615ʃ(8.4742253 
$*4700329 


8$*4747200 


8:4621797 


84622 524 
84623251 


84623978 


34624704 


84538117 
845388 59 
84539599 


84541822 


454034048 
8454108108 


84582360 
84583094 


84625431 
84626157 
84626883 
84627609 
84628335 


3184629061 
7134629787 


$*4668798 


84672395 


84668201 
84665921 
84666640 
84667360 
84668079 


84669517 
84670236 
84670955 
84671674 


84673111 


84716009 


84738008 
84738775 
84739423 


84740838 


84742960 
547010438 ˙4743667 
84744374 
$*47024.70|3*474.5080 
847031848.4745787 
84703897 
84704671 
847053248 4747906 
8470603708 4748612 
$*47067 508˙4749379 
84707463847 50025 
84708 176084750730 
8470888808 4751436 
8470960108 4752142 
8471031308 4752847 
847 10268˙ 4753553 
84711738 
84712450847 54903 
8471316208 4755668 
84713874847 56373 
$*4714586|8*47 57078 
847152978 4757783 


54746494 


$*47 542 53 


8*4780273 
$*4780974 
84781675 
847823753 
54783076 


84783776036 


87784477 
84785177 
84785877 


84786577 32 


8478727731 


847879773 


8478867729 
847893708 


84790 27 


$*479977 5:26 
$*4791475|25 
8479217424 


84792873 23 


54793572 22 
$:4794271|21| 
$*4794969;20; 


5479566819 


8*4796366, 18 
8.479705 17 


8.4797763 
1 


84798461 
84799159 


874758487 


84543302 
84544043 
84544783 
84545523 
84546262 
8.4547 
84547742 
8˙4548481 
84549220 
84549960 
8.450699 


227 


— . — — — 


84542 56218" 


84590422 
84591155 


84591887 
54592619 


84593351 
84594082 


84594814 


„ 


84630512 
84631238 


5104631963 


84632689 


84633414 
8˙4634139 


846738 30 


84674548 
84675266 


84676702 


84675984 
84677420 


34634864 
84635588 


84636313 


84637038 


584637752 


34638486 


207 


| 


8*4716720 
8 47174318˙4759896 
84718 142084760600 
847188538 ˙4761304 
847 ry 564154702008 
$*47202751$*4762712 


84759192 849012521 


84801 950 10 
84802648 
84803345 
84804042 
— 4804739 


84678138 
84678855 
$*4679573 
84680290 
8468 1008 
84681725 


197 


Corax INS. 


— —U—ñä 
Hh a 


8472098608 4763416 
847216968 476420 
847224078 4764823 
8472311708 ˙4765527 
847238278 ˙4766230 
3$*4724533|8*4766933 


| 177 


84808920 


54805436 
84806133 
848068 30 
84807527 
84808223 


167 


* nne & 
S 


8477676046 


—— . r WE ———— — pon ed 
ö 3 1 rr — 


3. 
84799857 13 
84800858012 


——— 


— 4 
9 | 
—— = eo re — 
* — N 
"Ws = - . 
+ — — 


- *% - 
b — ES © 


—_——— 


nl ow 8 


— 


Zo — » W þ> 


i Deg. 


LoG. SINEs. 


}' 
AS 


8. 48! 


\S COST LEEIA ta - 0 


84800932 
84897628 
84808323 
S* 4809org 
- 4509714 

848 10410 


110 


$+48 11500! 


8*4812495]5 
8 4813190 


4 481596805 

$*48 16662 
34817356 
84818050 
54818744 
84419438 


3 

54545479 
$*4£49168 
84849857 
8* 48505468 


4853989 
84854677 
4855365 

54850053 
8486741 

'4857429 

5485816 
$*48 58804 
5485949! 
$*48601 79 
$*4860866 


$*4820132 
$*482082 5 
$*4821519 
$*4$22212 
84822905 
84823599 


27 


26/8" 4824985 


35 4824292 


8 48250677 

8 4820370 
84827063 
84827730 


84861553 
84862240 
84862927 

8.486614 


84864087 
16775 

84866360 

84867046 
8.456773 
84868418. 
84869104 


84828448 
84829140 
84829832 
84830524 
54831216 
84831908 
$*483 200 
3.453329 
84833983 
34834074] 
483536506 
8 4836057 


3 *4836748 


8 


46 
47 


08. 


84841582 


57 
30 
HS 


ti| 


. 


— 2 


4532430 
4838129 
48388 26 
84839511 
848402 


84840892 


84842272 
84842962 
34843652 
$:4344342 


8 4869790 
54870476 
84871161 


84873217 
84873903 


es en 25 


4875957 


$-4857 
$*4878011 
8 4878696; 


[8 4882116 
84882800 
84883484 


848848 51 
84885834 


84845032 
84845721 
84846471 
84847 00 
8 4547790 

8.848429 


84886277 
848 86900 
84887583 
84888266 
54888949 


N 


147 


8 486430 8 


| 


253208 


84876642 8 


| 


848841678 


8 3:4859632($-4930398 


405 


— — 


as 


54889632 
84890310 
54890997 

4891670 


84895089 
84895771 
54896453 
84897134 


8489787685 


8.4030 398 
84931074 
A 149317 5c 
84932426 


8485723505 14892 36113*4933102 
5*4851923/3*4893043/5*4933778 
$* $*4852 2612 8 84893720 8•40344 5 


85 50 8.489440 


54935129 


54936480 
849371 
84937830 
4938505 


8493589408 


487 


84970784 
5 4971454 
38 4972 124 
84972794 
34973453 
34974133 

$*4974.802 


5 5010798 
85011462 
5012126 
5012790 
5013453 
5014116 
5014780 


5 4975472 
14976141 
349768 10 


55684977479 


54978148 
4978817 


'$015443 
5016106 
5016769 
5017432 
5018095 
8018757 


54898497 
84899178 
84899859 
8.4900 540 
8490122 
8 901902 
8.490 4902582 
84903263 
S* 1903945 
5.490402 
1905304 
8 4925984 
8 400 


8490734408 


84908024 
54908703 


84909383 8 


84910063 
849 α—1 


8 401714218 


8491200 


478491277980 
491 3458 8. 


84014137 
84914816 


458745888491 5495 
'4575273|8:4916173 
$*4916852/8 
49125308 
327 8 '4918208| 


84918836! 
84979564 


85 4879380 84920242 8 
8 48800648 492092008 
$-4880748 84327598 
8488 1432, 8 


94922053 
84923630 
84924307 
4924984 
$4 
84926338 
8492701 5 
84927692 
84928 368 
8. J geg, 
84929721 


I 3/ 


$*4922275(8:496 


2566118 


$*493918c 
3*4939855 


$*4941204 
54941870 
$*494255: 


84943228 
34943902 
54944576 
549452 5c 
54945924 

8. 4946597 


1 4947271 
$ 4947945 
$*4948618$ 
54949292 
4949965 
8 840503 8 


8395 1951311 
4951984 
84952657 

4953330 
49 54002 
8 40 54675 
8•4955347 
$*495602 
$*4956692 


*4958036 
$* 49 84288708 


8495 4959380 
'$* 4960051 
"4960723 
4961394 
84962066 
222732 


864963408 
94964079 
84964750 
8496 5421 
4966092 
874966263 


34967433 
8*4968104 


84968774 


84970114 
84970784 


5494053808 


49573648 


34979485 
84980154 
4980823 
8498749 
84982159 
54982827 
4983495 
54984163 
84984831 
5498549 
84986707 
34986834 


5019420 
5020082 
5020745 
502 1407 
5022069 
5022731 


. 


50. 
5.505 
835051105 


5052420 
5053077 


8 
8* 
8 
555053725 
8 


5055 
855055706 
8 5056363 
8 5057020 
8 5057677 
8* $*5058333 


55058990 
50596465 
5060303 
5000959 
5061615 
5062271 


q 


3023393 
3044055 
5024717 
5025378 
5026040 
'5026701 


$4957 502 
34988169 
84988836 
54989504 
84990171 
84990838 
5 ˙499 504 
84992171 
84992838 
84993 504 
84994171 


"4994837 


84995 503 


98 4996169 


84996835 
4997501 
83.4998 167 
8·49988 33 


84999499 
* 5000 1 64 


5001495 
5oOo2 160 
5002825 


5027363 
5028024 
502868 5 
500340 
* 5030007 
5030668 


5062927 
5063583 
5064239 
5064894 
5005550 
5066205 

5066861 
5067516 
5068171 
5068826 
5069481 
5070136 


85254392 $* 


8 500782 


85101454 


8.810835 
8* 5106002 


$*5107301| 
85107950 
8 5108599 


85092343 
850929940 
8 5093646 


8509429) 
85094948 
$* 5095599 
8.509625 

— 


8.505 8e 

5.50988 53 
8.5099 5030 
8 510015444 
85 100804 


85 102104 
855102754 
8. 5103404 
855104054 
85104703 


855106652 


$* 5100248035 


588031229 
5031989 
85032650 
8 5033310 
8 5033971 


GW A OO O OO o & Go KCK OOo 


8345531 
8.503 5291 
3.338835 
8 5036611 
8 5037271 
85037931 
8.5038 590 


*50740b 3 


5070791 
5071446 
5072 100 
3077/55 
5073409 


5074717 
507537158 
5070025 
5076679 
5077333 
5077987 


555039250 
855039909 
5 504569 
85041228 
8 5041887 
8 5042540 


* 5078640 
5979294 
5979947 
2080601 
5081254 
5081907 


84969444 


5009471 
5010135 
5010798 


| 127 


| 


117 


8 5043205 


85043864 
855044523 
4 5045181 

$* 504.5840 


215* 8804498 


8. 5047157 
85047815 
855048473 


0 0 Go e o e o 09 09 e III e TSTal 


*5082560[8 
5083213 
5083866 
8 5084518 
8 5085171 
8 5085823 


8 5086476 
35087128 
855087780 
35088432 
855089084 
85508973608 


3 


8 5109897 
$*5110546 
85111195 
85111843 
85112492 
85171314024 


4 5113789 
855115085 


855116381 
35117029 
35117676 
85118324 
8 5118972 
85119619 
85120266 
8. 8.129914 


8 5122208 
855122855 
8 5123502 
85124148 
855124795 


8* 


5 5114437 
85115733 


95121561 


2 


85125442 
8 5126088 
85126735 


5127381 
$*5125027 


5128673 
a 


EEE 


— 
— 


Cos iN ES. 


© 
D 
— 
A 
9 


— 


rr . . as , es 


F 1 


— r 


Log. TAxXGENTS. 


— 


Deg. 


i. 


— 
— 


7 
WW. 
8:48 8920 
$:4809616 
84810312 
84811008 
84811704 
8˙48 2400 
848713096 


4813792 


ese 1 91 


1208˙ 


13/$-4817964 
14/8-4818659 
198.4819353 
1684820048 
17/84820743 
151844321437 


- 
43 


2 


8˙48 50 50; 
84851195 
34851884 


348 52574 


84853263 
$*4853953 
$*48354642 


$*4891696 
8*4892 38. 


3*4893746 
5*4894429 
$*4895112 
54895794 


5*4933855 
84934532 
84935208 
84935885 
84936561 


2 
84932 50218 4972928 


84933179 84973508 
848936638 


4 


$*4974269 
$*4974939 


84976280 


$*4976950! 


$*4855331 


84855020 


3˙48 56709 


84857397 
84858086 


2 


4896477 
$*4897159 
84897842 


$*4839206 
$*4899888 


8˙48 59463 
84869151 
84860839 
84861528 
84862216 
84862903 


84990570 
84901252 
9.4901934 
84902615 
$*4903297 
8*4903978 


84898 524 


84937237 
84937914 
84938 590 
84939266 
84939941 


84940617 


8.494129 3 
84941968 
84942643 
5.4943319 
84943994 
8.444009 


198˙4822131 
2084822826 
218˙·482352⁰ 
228˙4824214 
2384824908 
248˙482 5602 
4826295 
4826989 
84827682 
8˙4828376 
2984829069 
384829762 
318˙48 30455 
328˙4831148 
338˙483 1841 
348˙48 32533 
358˙4833226 
8.833919 
3784534611 
908.4835303 
84835995 
8.483668 
94537379 
. 8483807 I 
84538763 


2509 
268 
2718 
28 


58484014 
6 3.48408 
1154341528 
4842220 
334842911 
<[3:4843602 
34344292 
34844983 
54345674 
484705 5 
54847745 
5434843: 
5 484912 0 
9484981 5 


54839454 


34863591 
$*4864279 
$*4864966 


84865684 


84865341 
84867028 


84904660 
84905341 
84906022 
84906703 
84907384 
8490806 5 


34867716 
84858403 
84869089 
84869770 
84870463 
34871149 


84908745 
84909426 
84910106 
8.49 10787 
84911467 
84912147 


84871836 
834872522 
$*487 3209 
$*4873895 
$*4874581 
84875267 
8.48759 52 
84876638 
8 
84878009 
84878695 


84879380 


84880065 


848807 50 


* 1435 
84882805 
84883489 


54884174 
84884858 


54885543 
84886227 
84886911 


84887598 
94888279 
84888962 


34889646 


84890330 


84891013 


4877324 


4882120 


84912827 
84913 500 
84914187 
84914866 
84915 546 
84916226 


84945344 
84946079 
84946694 
84947368 
84948043 
84948717 
84949392 
849 50066 
84950740 
84951414 
84952088 
84952762 


84953435 
84954109 
84954783 
84955456 
8.495129 
84956802 


84916905 


84918263 
84918942 
84919621 
84920 300 


84917584 


84957476 
84958 148 
84958821 
84959404 
84960167 
84960839 


84920979 
84921658 
84922336 
84923015 
5.4923693 


84925727 
84926405 
84927083 
84927761 
84928438 


84929793 
84930471 
84931148 


84924371 
84925049 


8:4929116 


84961512 
8-4962184 
8-4962856 
84963529 
3*4964201 
84964873 


849770 


49789 59 
84979629 


84 8020 


84980968 


84975610 


84978290 


500 


3914975 
35015639 
85016303 


855016967 


8 5017631 
8 5078295 
85018958 
3 5019622 
8502028 5 
$*5025949 


$*5052671 


$*5053329 
$*5053987 
8*5054646 
8 505 5304 


8505 8962 


855086620 
8.557277 


8 5057935 
855058 593 


84981638 
84982307 
84982076 
8.498 3645 


— 2 4285 
8498 5652 
84986320 
84986989 
54987657 
84988 325 
84988994 
84989662 
84990330 
84990998 
84991666 
84992333 
84993001 
84993668 
94994336 
8499 5003 


84996337 


8.4997 004 


84997671 
84998338 
849995 
84999671 
8 5000338 


8 5001671 
85002337 
8500 3003 
8 5003669 
$* 5004335 
8*5005000 


84984314 


84995670 


8 5001004 


8 5021612 
85022275 
855022938 
8 5023601 


8 5024264 


8 5024927 


8502558905 5065 164 
8506 5820 
85066477 
85067133 
855067789 


8 5026252 


85026914 


85022576 
8 5028229 
8 5028901 


8 5029563 


5030225 
850308878 


$*5031548 
8 5032210 
8 5032871 


8 5033533 


8 5034194 
8.5034855 85074346 


8 5035517 
85036178 


85036838 


855037499 


8 5038 160 


85038821 
8.503948 
8 5040142 
8 5040802 


55041462 


8 5042122 
8 5042782 
355043442 
855044102 
85044762 


84965543 


84966216 
84966888 
84967559 
84968231 
84968902 


8 500 5666 
8 5006332 
8* 5006997 
8*5007663 
8 5008328 


8 5008993 


84969573 
84970244 
84970915 
84971586 
34972257 


8 5009658 
85010323 
85010988 
855011653 
85012317 


$*5045421 
3*5046081 
55046740 
8 5047400 
8 5048059 


85048718 


8 5049377 
8 50 50036 
8 5050695 
85051353 
8 5052012 


38 
8 
8 
8 
8 
8 
85063193 
8 
8 


0 


8 5068445 
8 5069 101 
8:50697 57 
8 
8 


5071069 


8 5072380 
5073035ʃ(8 5112183 


50592 50 
5059908 
5060565 


5061222 


5061879 
5062536 


5063850 
— 


5070413 
5071724 


8 5092001 
8.50926 53 
8* 5093305 
85093958 
$*5094610 
$*5295262 
$*5095914 
8 5096 566 
85097218 
8.509 870 
85098 52105 
855099173 
8 5099824 
85100475 
855101127 
85101778 
8 5102429 
855 103080 
85103731 
85104381 
$*5105032 
85105683 
855106333 
85106983 


$*5107634|36 
$*;108284 


851089234 
85109584 
855110234 
85110883 


855117533 


507369108 -5112832 


85075001 


8 507631¹ 


3 5077621 


8 5078275 
855078930 


8 5080239 


8 5080893 
8.508 154785120618 
8*5082201|8*5121267 


8*5082855 
8* 5083509 
8*5084163 


$*5084817 


555085470 
85086124 
855086777 
8 5087430 
8 5088084 


8.509584 


85113482 
85114131 


8 507 5656855114780 
8.5115429/24 
85076966 


85116078 
85116727 
85117376 
85118025 
85118673 
$*5119322 


$*5119970 


85121915 
855122 563 
85123271 


85124806 
85125154 
85125801 
855126449 
85127096 


85088737 
8 5089 390 
8 5090042 
3 509069 5 
85091348 


855127743 
85128397 
85129038 
8512968 5 
85130332 


— — 


—— 


1 


1 
if 
1 
[of 
SY 
: 1 
i ® 
ll 
1 
1 
5 
1H 
1 
i 
T s 
* 


Fw, 
- 


: 
: 
D 1 
pe 5 
4 
„ 
y- 
* 
% \ 
N * 
* 7 * 
* A. 
1 
© 
Ly \- 
1 mn 
i 
F 
* 
14 
3+ 
1 
5 
4 
8. + 
E 
7 
44 
* 


2 2 | vw GOO 


— 


Q m 


f 8493182 5 
7 2259505 3*439169618*493250218*4972928 


CoraxeEN TS. 


g*5012982|[8*5c05267118* 5092001 


od 8*5130978 
| of 


A 


10 


83 
<| 


fs 


— — — — 
— 


— 1 


— — 7 
— — — — —— — —b— _ — 5 —— 
= =_ — — — — —— > 
> — 


'Los. Sinzs. 


5*5128673 

5*5129319/5*5167904| 55 
355129965 . 22 
35130611 
35131256 
35131902 
355132548 


3 12 Wd 25 


5 5133193 
35133838 
855134484 
351351298 5173662 
$*5135774(3*53174301[3*; 
5*513041915*517494 11%" 
$*5175550Þ5*5 
*53137708[8*517621918"* 
$*5176858 
$*5177497 
55178139 


\S QC 


85737564 


55138353 
55138997 
5139642 
355140286 


8 5140931 
55141575 
5142219 


„1 


514479485 5183242 8 521382 8 5259131 
5145438 8-518 388008 •5 
3514508 1085184518 
8.514672 5 85185156 


85517046485 
351711040862 


555171743 
85172383 
855173023 


855178774085 


85517941308 5217556 
855180051 
555180689 
g- 51438638. 51813288. 

8˙ 514380708. 51819668 
| "$1441 5c 5008 2826048 8282290 5258 504 


7852578778 


F 
$*5243430|3*53251017 
$*524405915*5281641 
$*524468818* 528 
$*5245317 teste 
5552459468528 
8*5246574|$* 528 
$*5247203 8*528 
54 852478328528 
S 5248460852860 
8 524908808 528662 
2497178528725 
8 5250345ʃ8 528787 
52 5097308 ˙5288495 
51601]8*5289118 
52229|8*5289741 
5285785290363 
5348585529098 5087 
5254112 55291608057 
525474008 52922 2c 
55367 8.520282. 
5255995|5*5293474/3"5 
S$*5256622|8*5294.096 
58525724908 529471808 


508. 5259757 
85260384 


8 5223249 


8 
08 
$ 
8 
. 
8 
88359518 
8 
8 
8 
Z 
8 
3 


$* 5331249 


Zo 5332482 
oY 882059018. 5333098 


5295339 


536013108 
536074308 


55363192 


853638048“ 


213: 5367474 
85368086 


58536869718 
8536930808 
$*5 5369920 8 


85296583 8 5333714 
3.52972048˙•5 
85529782608 5334546 
4 52610111]8* 529843) 5. 238771 
8 
8 


5 5370531 


85371752 
8 5372363 


1 % 
0 
5 
. 
* 
I þ 
% 
7 


2 


==, 


— — ca—_—_ 
* 


— — H— 


r 


$*5147368(8*5185793j8'5 . | 529908 8 3 5372974 

855148011 8 5186431 52622 52996898 8537388508 
8 5148654 85578 518706808 ary 5262890[8$* . e 85374195 
8 5149297 8 5187706087 85263517 8.5300931 85374806 
5514994008 •5188 3430/85 8 52641430(8 5301552 8 53754168“ 
8 5150583 85188980085 5227040 8526476908 5302173 $-$339257 85376026087 
515122608. 518961785 28526539508 5302793 8˙5 8537663687 

g- 51517869 8*51902 5408 5228703 85266021 $-5303414/3*53404$7 853772478 
$*31525111>-519089118*52289 34/8-5266647|8-5304034}3*5341103]8-5377857 
$*5153154|8*5191528(8*5 S$*5267273|5*5304655|$*53417 1818+ 5 378466|d* 
$*5153796|8-5192164,5* 719"52678981$*5305275/$+5342333[3"5379076/9* 
-[8*515443$18*5192801|8$ 8 5268 52408 53058988 · 5545235 8537968687 
8515 5080 3.51934388• 3 8 5269149 853065 16ʃ8* 6308538029687 
; 2($*5194074/8*5 1$*5269775|8*5307136|$* 534 8*5380905[8* 
851563648519 51947 10/8*5232720|8*5270400|8-5307756/8"5344752[3-5381515\8" 
851570068 5195347 85527102 508530837508 ˙5 78538212408 
5.5 5764885195983 8 527165108 ·5 3089950853 855382734087 
515829008 51966798. 8 5272276085 309615 $* 5346636 8-5383343|5* 
8 5158931 85197255 85 52729010853 10235087 5008 538395208. 
8 515957308 -5197891 A. $8731$"5273525 8*5310854|8*5347864 8 $*5384561|5"542 
8*5160214'$*5198526.8: 527415008 5311473 8 8538517008542 
8*5160856|8-5199162 8. 85527477508 ˙5312093 8 538577908 
510851614978 5199798 8527 5400853127128 53497068 538638808 
8516213808 5200433 2760248 •53133310[8 53503208 538699785 
851627798 520106908 527664808 531395008 535093408 53876058 
8 8816342008. 5201704 7727318*5314569(8* 8*5388214|5"542 
558 55164061 85 52023 5 oy 277897|8"5315188 855388822087 
8 51647018 5202974 8 5249 1208˙5 78 521[08 5315807 538943187 
7385165342 8520360987 27914508 5316426 85390039 
580851659838 5204244 27976908 5317044 85390647 
851666238 5204879 Nay of 8 5280393 85317663 85391255 

go 88157264 852 8 5288148 8⁵ 528$1017($"5318281 
SE” tb 


„ 


r e 0 RIG — — — ͤ Üwwꝛb— — 
— — I —— — — 


— 


— 


— 


Cosixks. 


17 


536135608 •5 
536196808 
5 3625808 ˙5 


— 


— 


— 


* 


. 
br FI 
ETC > 8 > SS 3 > > ow & bd an ww: . © a an 


$*5371142 g- 


$*5391863|5* 5420197 


| 


4 


| 


1 


. 


o 8 5730978 


285132272 
385132978 


[485133504 


58. 5134211 
8.432857 


787 5135503 
885136149 
9.8*5136795 
1008 5137441 
11 8˙5138987 


128˙5128722 


— — 


—.— 


18 5131625 


53/ 
85169610 
8 5170251 
855170892 
85171533 
85172173 
85172814 
— 5173455 


54 
8 5207902 
8 5208537 
85209173 
8 5209808 
85210443 


85211078 
852117713 


Loc. TaxctxTs. 


1 
8 5245860 
855246490 
855247120 
855247749 
8 524879 
855249008 
85249638 


35174095 
855174735 


85175375 


85176016 
855176656 
85177296 


855212348 
8 5212982 
85213617 
8 5214251 
85214886 
$*52 15520 


13 85 5139375 
14 3* 5140023 
158˙51406680 


1085141314087 


785141959 
18 8˙5 


142604 


5177935 
5178575 
3179215 

5179854 

go 3180494 

85181133 


Se e 


8.52161 84 
8 5216789 
85217423 
85218057 
8* 5218690 
8 6219324 


198.5143249 


24 $* 5146472 


25 85147177 


2085147761 
2785 5148405 


128 85149049 


2985749693 


38150337 


3118 5150981 
3285151625 


| 33 8˙ 515 52268 


3468. 5152912 
3508. 5153555 


308.5154199 


Nh 5135485 
39 85156128 
4085156771 


4118" 
42/8" 5 5158057 


2085143894 
2108.5144539 
228514518308 
3 8•54458288•5184329 


855181772 
855182412 
8 5183051 
5183690 


8• 5184967] 


8 53185606 


$*3186245 
$*5186883 
8*5187522 


3;8*5188160 
8 


5188798 


85189436 
519004 
| by 5190712 
85191350 
855191988 


09 


'$* 5192626 


37 T5 5154842 


$157414 


8* 5193263 
85193901 
85194538 
855195175 
865195813 
85196450 


855219958 
8 5220591 
8522122 5 
8 5221858 
8 5222492 
85223125 


855223758 
855224391 
8 5225024 
855225657 
855226290 
85226922 
8 5227555 
85228187 
85228829 
855229452 
85230084 
8 5230717 


8 5250267 
85250896 
855251525 
85252154 
8 8252783 
85 85253412 
8825 5254041 
8.5254669 
858255298 
$*5255926 
55256555 
855257183 
85257811 
85258439 
855259067 
55259695 
85260323 
8 5260951 
8 5261579 
855262206 
35262834 
855263461 
8 5264088 
85264716 


85265343 
855265970 
855266597 
555267223 
35267850 
8.268477 


505 
855283490 
5 5284114 
85284739 
8.5288363 
855285987 
855286611 
855287235 


855287859 
85288483 
85289106 
855289730 
$* 5290353 
8 5290977 
855291600 
8 5292223 
855292847 
855293470 
8 5294093 
85294716 


855295335 


85297206 
85297829 
85298451 
85299073 
$*5299696 
$*5300318 
$*5300940 
$*5301562 
8*53c2183 
$*5302805 
$*5303427 
5.530448 
85304670 
85305291 


855231349 
8 5231980 
85232612 
8 5233244 
85233876 
8 5234507 


448 3159342 


8161911 


530 5165121 
8.58205 62 


1 
5505 5166404 


5608. 5167045 
3855167687 


438 5158699 


458.5159984 
46/3*5160627\8* 5198997 
48 51612698 5199634 


Aceh 


8-5197087 
5197724 
5198361 


85200271 


8 5235139] 
$*523577C 
8 5236401 
855237033 
85237664 
8 5238295 


8 5269103 


8 

855270356 
855270983 
8 5271609 
$* 8 5272235 
8 85272861 
85273487 
855274113 
855274739 
85275364 
855275990 


5397155 
85307776 
85308397 
85309018 
8. 5309638 
8.53102 59 
85310880 
85311 5 
855312121 
85312741 
313361 


85529596187 
8552965848 5333779 


$*5305912|8" 


855306534 85 5343645 
526973085 


bl 


$7 


9.53207978. 
8 532141015 
85532203 


$* 5323273 
855323892 
855324510 
855325129 
85325747 
35326366 


855327602 
8 5328220080536 
85 53288 38 8536 
8.53294 5608. 
35330074 
8 5330692 
85331310 
8.53319027 


90 OD 


8 ä 4 4 


85532698408 


$* 5 
3 
88368823 


55 05 © oo & 2 © ©5 © 55 


EY 
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Wn Un 
OC SI 
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O 00 
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5367599 
5368211 


8 5394466 
855395075 
8 5395683 
855396292 
9 
$* 5397509 
85398117 


855398725 
8 5399333 
855399941 
855400549 
855401157 


5148|8*5401765 


$*5402372 
g- 5402980 


685403587 


8.544195 
$* 5404502 


$* 5405409 


8-5332545 


$*5334397 
$*5235014 
85335631 


85336248 


8 5337482 
85338098 
855338715 
855339331 
85339948 
$*5349564 
8 5341181 
855341797 
855342473 
53430929 


8533686508 


8 5369436 
533316208 
8 5370660 
85371272 
853718384 
8 


5370048 
| 


5372496 


8. 5373108 
5373719 
5374331 
5374942 
5375554 

5376165 
5376777 
"5377388 
5377999 


(85344267 
855344876 
8 5345492 
85346108 
8 5340723 


855406017 
8 5406624 
85407231 
85407838 
855408445 
85400081 
8.549658 
85410264 
8 5410871 
855411477 
8 5412084 
858412690 


5.413296 
8.5413902 
5. 5414509 
S*5415114 
8*5415720 
8 5416326 


$*5416931 
855417537 
855418142 
855418748 
8.419353 
8. 5419958 


855347339 
8 5347954 


8. 5349184 
5.349799 


8 


538415 
855384715 
8.5548589g8. 
855386545 
8 535041408 


5385325 
5385935, 


5387155 


8*5420563 
$*5421168 


*5421773 


2 09 5 


85422983 
8423888 


49 8•F0 5162553 
501g" 5163195 

5105 5163837 
2|8*5164479 


St 3*5168328 


$*5200907 
$*5201543 
85202180 
855202816 


852034592 
*% 8. 5204088 


8 5238926 
8•5239557 
8 5240187 
85240818 
8 7524149 
85242079 


355276615 
855277241 
8 5277806 
3 8278491 


5313987 
5314601 
85315221 
85315841 


0 = 


8.5279116ʃ8 5316461 


855279741 


8 5317081 


852 5204724 
80 5205360 


85 5205995 


8.8 68969 


8 5206631 


8 5207207 
a Q* 516961008 5207902 
A 
| 


5.524705 


. 8245805 


8. 5282241 


60 3 1 


— 


— — 


8: 5280366 
855280997 
8 5281616 


8· 5282865 


85317700 
8.8318320 
855318939 
855319559 
8 5320178 


882834908. 5320797 


3 


855351029 
8 5351644 
855352259 
8 5352873 
85333488 
3 8 8354182 


85354717 
855355331 
855355945 
855356559 
855357173 
88357287 


30 


Corax ENTS, 


85387765 
85388374 
85388984 
35389593 


5390203 
5390812 


8* 5424193 
85424797 
5425402 
5426006 
5426610 


2 b 


5391421 


Yo 

8 

8 
88427214 
8 

8 

8 


5428423 
5429027 
85429631 


8 8430234 


8 58430838 


542237814 


5427819 
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l o — ww 
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jo Deg NaturAL SINES, &c. 


Fab. 10. 


” 
D000000),, . 
0002909 
oo 5818 
looo8727/ 
0011636 
19014544 
212453 
0020362 
0023271 
0026180 
0029089! 
0031998 
0034907 


Dit. 


290 


127 


0037815 
0040724 
0043633 
0046 542 
0049451 
0052 360 
0055268 
oog58177 
0061086 
10063995 
0066904 
9069873 
125 wal dad oats 

0075630 
00785 30 
008 1448 


9084357 
0087265 


0090174 
0093083 
0095992 
0098900 
o101809 
0104718 


0107627 


0110535 


9113444 
0116353 


0119261 
0122170 


0125079 
0127987 
0130896 
133805 
0136713 


290% 
2909 
2909 
2909 
2908 
2909 
2900 
2909 
2909 


2909 
2909 
2908 
2909 
2909 
2909 
2609 
2909 
2908 


2909 
2909 
2909 
2909 
2909 
2908 


2909 
2909 


Covers. 


9970911 
9968002 


9956367 


9941823 
9936005 
9930187 


9918552 
9915643 


9906917 


9898191 


9874921 


1* DOQCCO 
9997091 
9994182 
9991273 
9988364 
3985456 
9982 547 


9979638 
9976729 
9973820 


996 cool 
996218 5 
9959270 


9953458 
9950549 
99476040 


99447 32 
9938914 
9933096 


9927279 
9924370 
2909 992 1461 
2909 
2908 
2909 
2909 
2909 
2908 
2909 
2909 
2909 
2908 
29095 
2909 
2908 
2909 
2909 
2908 
2909 
2909 
2908 
2909 


9912735 
9909826 


9904008 
9901 100 


9895282 
9892373 
3889465 
9886556 
9883647 
9880739 
9877830 


9872013 
9869 104 
9866195 
5863287 


Toſec. 


Infinite 
34377408 
718˙8735 
11459157 
$59*43689 
687*5496c 
572*95809 


491*1G702 
429" 71873 
381*97230 
34377510 
312*52297 
28647948 


26444269 
24555402 
229˙1838 5 
214˙8 5995 
20222122 
190*9368c 
180˙92496 
171˙88831 
16370325 
156*26228 
14946827 
143 "24061 
13751108 
132*22220 
127*32526 
122*77803 
11854440 
171459301 
11089656 
10743114 
104517574 
10111185 
98223033 
951494711 
92913869 
90*468863 
88 149244 
$5*945609 
$3*349470 
81*853150 
72.949684 
78132742 
76.396854 
74.735850 
73145827 


Tang. 


©OO0000 
2002909 


005818 


o o8727 


001163608 59 ˙43630 


0014544 
2017453 
0020362 
0023271 
2026180 
2029089 
0031998 
0034907 


| Cotang. 


Soo oοο Infinite 


3437 7467 


17188732 
11459153 


687554887 
57295721 
4911060 
429*71757 
38197099 
34377371 
312552137 
286.4722 


Secant 


*000000C 
*©OOGOOO 
*©O00002 
*©O00004. 
oooOOO 
*O0000T 1 
I *©00001 5 


1 
1 
1 
I 
I 
I 


I *©000021 
I *£©000027 
'0000034 
0000042, 
"0000051 
*D000061 


0037816 
004072 
2043634 
2046 542 
0049451 
052360 


905 5269 
0058178 
0061087 
0863996 
0066905 
0069874 


0072723 
0075632 
0078541 
0081450 
0084360 
0087269 


0090178 


0093087 
0095996 
098905 
0101814 


[0104724 


0107633 
0110542 
0113451 
0116361 
0119270 
0122179 
OI25088 
0127998 
0130907 
0133817 
9136726 


26444080 


24555198 


22918166 
214˙85762 
20221875 
190*98419 

180*93220| 
171˙88 540 
16370019 
15625908 
149˙46 502 


137 50745 
132*21851 
127*32134 
122*77390 
118*54018 
114*58865 
11089205 
107˙42648 


10110690 
987217943 
2589475 


90˙463330 
58143572 
85˙939791 
83˙843507 
81˙847041 


78126342 


74729165 
73138991 


143*23712 


104*17094 


92908487 


79 943430 
76*390009 


I 
* 
l 
1 
10000072 
1*000008 3 
1*000009 5 
1*00001C8 
10000122 
10000137 
10 αοõ i 53 
10000169 
oc 187 
t *©000205 
1*0000224 


©O0G000 
OGOCOOO 
OOCOO002 
0000004 
0000007 
OOCOOOTK 1 
OODOOT 5 


000002 1 
0000027 


0000042 
ooo O81 
DOOOOGT 


0000072 
000008 2 
©O00009 5 
ooo 108 
0000122 
oo 137 
— 
OOCOI 53 
0000169 
0000187 
0000205 


t 0000244 


1+0000264/0000264|, 
0000286}, 


10000286 
I*0000308 
I*0000332 
I *©0003 
1003 


0000407 


l 
150000433 
10000461 
1*0000489 
1*0000518 
[*0000548 
10000579 
1*0000011 
1*0000644 
1*0000677 
0000711 

0000746 
"00007 82 
"©000819 
0000857 
000089 5 


"0200935 


— 


Deos 


0000308 
0000332 


6105003 56 
1[0000381 


0000407 
0000433 


0000461|, 


0000489 
0000518 
ooo 543 
0000579 


0000611} 
00006433 


0000677 
2000711 
2000746 


0000782 
OOOOBI9 
oc00857 
000089 5 
9000935 


E 


00000 34| 


000224 


999999 
399999 
499999 
999998 


999997 
999997 
999996 
999995 
999994 


Scree 


999992 
999991 
999990 


999984 
999983 
999981 


999959 
99995 


999951 
999948 


999942 
99993 
999935 
999932 
99992 


999921 
99991 


999910 
999906 


Coſine 


1*OCOOO00 
1*000000 


900998 


292993 


9999892 
9999878 
999986 


9999795 
9999776 
9999756 


9999736 
9999714 
9999692 
9999668 
9999644031 
999961 


67 
9999539 


9999452 
89 
89 
199992 54 


81 
9999143 


9 
oſs 
3 


9155 


54 
53 
52] 
51 
50 
49} 
3148 
5147 
7146 
545 
44 
43 
1 
7041 
Igo 
3139 
38 


37 
36 


35 
34 


33 
32 


5 


9 


3 
6 


8 
9 


2 


9130 


29 
28 
27 
26 
25 
24 
23] 
22 
21 
20 


19 
18 


3 


3 


I 
2 


I 


7 
3 


70 
16 


5 
5 


89139622 


0142 5 30 
0145439 
0148348 
0151256 
0154165 
8157073 
0159982 
0162890 
o165799 
58 9168707 
590171616 
600174524 
Toſine 


— 


9860378\71*622052 


9857470[70*160474 
98 545668757360 
9851652167*409272 
984874466 113036 
2908084583 5064.865716 
2909|2$42927163"664595 
2908 98400 1862 507153 
29090 61391050 
2908 60˙314110 
agen 39274308 
290! 58269785 
57 298688[0174551 

Dit. Secant | Cotan. 


wi * ä 


OI 39635 


0142545 
0145454 
0148364 
0151273 
0154183 
414 
0160002 
0162912 
0165821 
0168731 
0171641 


71*615070 
70*153346 
68*750087 
67401854 
66:105473 
64˙8 58008 
63˙656741 
62˙499154 
61382905 


"0000975 9999025112 


9998984 
9998942 
9998900 
9998875 
9998512 
9998766 


2908 
2909 
2909 
2908 
2909 


0000975 


49 
50 
51 
52 
153 
[54 
155 
56 
57 


0001016 
0001058 
COOIICO 
0001144 


0001016 
10001058 
*OO0OTION 
*OCOI 144 
*O0001 1890001 188 

*00012 34|0001 234 


* — — 


*'0001280]0001280 
"0-01 327|0001 327 
60*305320|1*cool375|0001375 
59*2653872]t*0001423j0001423 
5826117401 0001473 
57289962 OOOT 52} 

Tang. Covers. 


9 


— 


_—__—_. DOD... 3. 1 — 


8 


2 » 


K 


* A 
** 


Peg. 70 


"Los. Sings, &c. 8 ” = (249) 
Diff, | Coſec. [Verſeds.| Tang. Diff. Cotang. Covers. Secant D| Coline | © La 
Infinite Inf. Neg. Inf. Neg.] Infin. | Intinite |10%00000|10*0000000 g/16*000000 bo 
Infin. 1353627390 2˙62642226˙4637201 3010301 13*5362739[9*9998737 10*0000000} [I9*000000/ 59 
127037 2113*235243913"223482216*7647562[7. 01 .113"2352438[99997473|10*0000001] 99999999 58 
17 * 13*059152713*580664716*9408475 1249388 13059152 599996208 f οοοοõẽõỹ2 19999999857 
0 „ 14.9 12*9342140|3*8305422|7*0657863 969101072 934213719 9994944[10 0000003] 979999997 56 
9 98 12˙837 3040402436220 71626964 791814012 83730369 79993679 fo οο οοõοẽõ 5999999505; 
429468 12*7538122914*1327246|7*2418778 669470012 2581222999244 10*0000007] 2292999 3K 
ws 8 12•691176104˙3166182ʃ7 73088248 579921012 *691175219*99911485|10*0000009] . '19*9999991|5 3 
44.64 12*6331843|4*4326020[7*3668169 511527 t12*6331831|9*9989882{10*coo00012 3.99999 58052 
49 12·58203 1904.534900) 4179696 457577 12*5820304/9*9988615|10*0000015 ; 9*99999S5|51 
4575 6112536274514 626421917*4637273} 41 3930/12" 536272719*99$7348| 150000018 49.9999982 50 
75583 1249488 1947092072 7.505 1203 377888 124948797 9936081 I0*00CO022 4/9 9999978 49 
4. 24.799 84.284784 T4299 1 347624 12.457999. 99848 14.10. 522222224 48 
27846(12˙42233164˙8 543084 7.577715 22 1851112'4223285|9*g9983546|10*0000031 59.999959 47 
260 02-390 147 c 49186777 7.6098 56% 29963 ff 12.·3914349˙9982278½ro· oo 59.9999964 46 
. 12 30084004˙978604 1763982010 280291012 36017999998 1009 fo · oo 9999998945 
6 188 12*3321555|5*0346614|7*6678492 263294 [2*332150819*9979740[10*0000047| $£19*9999953144 
118, 22(12*305826715:0873192|7*6941786) , 8. 7112*3058214{9*9978471]10*0000053 79.599947 43 
35 12˙28100345˙13 6966327190026 234315 12*2809974|9"9977201|10*0000060 695 9999940 42 
2227621122575225 $*1839283[7 7424841 222769112*257515919 9975931110 *©000066 79. 999993441 
2113052. 23 524630522848 107. 76476 10 2118980122352 390990 74660 ffe· oog 399999927 40 
e 12214057 3[5˙2708 5957 785950 202039012 2140492 9*997 33891 10*0000081 8959999919039 
3 121938542 5*3112661|7*8061547 193057 12193845309 9972118 19*0000089 g (9 9999911 38 
4507 2 12174549 305˙349876 37.825404 184826! 12*174539619*9970846| 10*2000097 96.9999 903037 
| nan 12*1560662|5*3868430[7 5439444] 177294 12*156955619:9969574 '9969574|10*0000106| £19*9999894| 26 
RY 51125 1383377 5˙42300307.86 167380 170339012 138326209 9.9968 005 99.9999 8885 35 
I _ 12*1213047|5*4563669|7*8787077 163911|12"121292319” 9969029 f10· 124 10 9999987634 
15730 12.1049 14½.489147 57.895988 1579 5012.1049 120 '99657 36(10-0000134, 19-9999866/33 
— 1208912075 ˙5207 35979108938 15240612089 10629 996443 3110*0020144 11 9 9999856 32 
1223 112*0738810j5*559215717*9261344| 1472401207386 560 9965109 10. 0001551019 9999945131 
. 1205915810 5*580662017"9408584] 142412 12*0591416 9*9961935 10*0000165 oc001T65 os 9*9999835\20 
1373-0(12*0449181|5*609142717"9550996] x4-890/12*0449004[9*9960660|10*0000177| 999982329 
A 1203113025 ˙6367191 7.888886 133648 12031111419" *9959385110*0000188 129999981228 
— 1201726665 ˙ 663446879822 534/ 129658|12*017746619*9958110[10*0000200| 19*9999800|27 
12888 1200480 5 6893765 7 9952192 12590012 0478089 9956834{10*0000212 13 99999788|26 
. 11·992213305˙7145 546,608 12235311 *992190819*9955555110*000022 5 r319 9999775125 
— 118988(11"9799793 5*7290233/8*0200445} 119001071 *97995 55099954282 1000002 38| 1199999762124 
; 115814 [11*9680805|5*7628215|8-0319446 115828011 96805 549 ˙99 5300507 4 9 99997482 
112805 1195649915 ˙78 598 58 0435274 112820 1195647269995 1728.10 t 14/9 9999735[22 
199949} 11 9452186|5*38085468\8-0548094] 10996311 94519069 9950450(10*0000279| *19*9999721|21 
100234 11.934237 5.830373 8.0% 805% 107249/11*9341943}9'9949172| 100000294 1.599976 a0 
10 = 11*9235003|5*8519848|5*0705306} 104664|11"9234694{9*9947594| 10*0000309 r £19 9999091 rg 
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34808 
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11*4535782 
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11*4464614 
114429464 
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34947 
33792 
33521 
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32274 
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31800 
31569 
31340 


1141253006 
114092791 
114060517 
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113965114 69061221 
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6*8675167 
6*8740714 
6*8805768 
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11• 368691709 . 
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6069408 5 
60888 580 
10*043 3445 
16+0378680 
650274282 
6*0170250 
6*0066581 
5*9963274 


q 


53294445 9860326 


5 9757737 
59655 504 
59553625 
59 52098 
89350922 


5*9250095 
59149614 


58652356 
5 8553921 
5845 5820 
58358053 
58260617 
58163510 


58066732 


578741 53 


57682867 
57587705 


62227884 


62434316 
8395445062322 594 
83925746 2211275 


57970280 


5 7778350 


Coſec. Tang. 


1583844 
1586826 
1589809 
1592791 
1595774 


1601740 
1604724 
1607708 
1610692 
1613677 
1616662 
16179647 
1622632 
1625618 
1628603 
1631590 
1634576 
1637563 
1640550 
1043537 
1646 52 5 
1649513 
1652 501 
1655489 
1658478 
1661467 
1664456 
1667446 
670436 
1673426 
1676417 
1679407 
1682398 
1635390 
1688381 
1691273 
1694366 
1697358 
4700351 
1703344 
1706338 
1709331 


1712325 
1715320 
1718314 
1721309 
1724304 
1727300 
1730296 
1733292 
1736288 
1739285 
1742282 
248279 


1748277 
1751275 
1754273 
1757272 
1760271 
1762270 


| 


1598757 


$*3137515 
6*3018866 
6*2900651 
62782868 
6*2665515 
6*2548588 
5*2432.086 


6*2316007 
06*2200347 
6-2085106 
67970279 
6*1855867 
651741865 
1628272 
151 508 5 
1402303 
1289923 
1177943 
1066360 


90955174 
650844381 
559733979 
69623967 
6˙05 14343 
60405103 
60296247 
60187772 
60079676 
59271957 
5 9864614 
5*9757044 
5*9651045 
59544815 
59438952 
5 9333455 
5˙ 9228322 
l 
59019138 
5 8915084 
588811386 
5 8708042 
58685051 
5˙8 502410 
53400117 
58298172 
58196572 
5 8095315 


A 6H Ao So 


Wake bet 


Cotang. | Secant | 


1*0123194 


5799440 


10124651 
10125118 
10125586 
1012605 5 
10126524 
10126995 
10127466 


("0127939 
10128412 
10128886 
10129361 
10129837 
101 30314 


10130791 
10131270 
10131750 
13132230 
1013271¹ 


10133677 
10134161 
10134646 
10135132 
10135618 
10136106 


150136595 
1*0137084 
1*0137574 
1*0138066 
10138558 
19139051 


— — 


10139545 
101400 
10140536 
10141032 
1041 5; 
10142029 
I * 
1* 


9142528 

0143028 
10143530 
10144032 
10144535 
170145039 
10145544 
101460 50 
10146556 
10147064 
10147572 
10148082 


5 7793588 
57693688 


57494889 
57395988 
97297416 
5 7199173 
57101256 
57003663 
5 69006394 
5˙6809446 
56712818 


57594122 


10148 592 
10149103 
19149616 
10150129 
10150643 
10151188 
10151073 
10152190 
10152708 


10153746 
10154266 


Verſ. 


0123117 
0123572 
0124028 
0124486 


0124943 


0125402 


0126322 
0126784 
0127246 
0127709 
0128173 
0128637 


01309973 
—131443 


8131913 


0132857 
9133330 


0134278 


9135707 


2132144 
0137625 
38 106 
0138538 
O1 39071 
9139555 
2140040 


2140525 


0142476 
9142965 


2143947 
0144439 
5144932 
0145426 
3145921 


3 140. 


0147410 


9148907 


0151922 


Coverſ. 


125862 


212910304 


9129569 4 
0130036 4 


01305044 


213238504 


0133804 4 


213475414 
013523004 


0136185 
9136664 4 


91410124 
9141099 4 
9141987489 


0143456149 


014691314 


0147908 4 
0148407); 


91494075 
91499095 

0150411 5 
1·01 5322601 50914 5 
0151418 5 


460 


470 9869027143 


$1987 597215 


519374598155 


59860445 


[9855065]! 


Tab. 100 
Cotine | 
987688; 
9876428 


95875514157 
9375057156 


9874138 


9573678053 
9873216052 
987275451 
987229100 
987 1827149 
987136300 
9870897147 
9870431146 
9869964145 
9369496144 


9865557142 
9868087141 
9867615140 
9867143139 
9866670138 
9866196137 
986572213 


9865246135 
9864770134 
9864293133 
9863815132 
9863336131 
9862856130 


9562375129 
9861894123 
9861412(27 
9860929126 


9859965124 
9839475|23 
93 58988[22 
985850121 
19858013 
95575241 
9857035115 
——— 
9856544117 
985605316 
985556115 


9854574113 
9854079112 


9853583111 
9853057! 
9852599] 9 
98 5209208 
9851593 
9851093 
— 
9850593 
9850091 
9849589 
9849056 
984807800 
— 
Sine 


Dit. Verl. Secant 


[CCotan. 


| Tang. | 


Colec. 


A ——_——————— 


Deg : do 


Veg. 


—— 


Los. Sixts, Te. 


(267) 


Sine 
4943324 
1951293 

1959247 
be 

1975110 
1983019 

(199091 5 
71998793 


2014509 
12022345 
203016 


2045706 
7553545 
206 1309 
20690 59 
2076795 


2092224 
21099917 
1107597 
[2115263 


[2130552 
2138176 


(2153334 
2160967 
12168536 


191104 
1198680 
2206182 
[2213671 


2236059 
2243495 
| 2259918 
253328 
20572 5 
273110 
b! 
227839 


2309838 
7145 
1324440 


2331722 


42006658] / 


—2274% 


2084816 
20845 - 


77122914 


72145787 


2176092 4 
2133635 


122114707 
2228609 ; 


230251817 


 Cofec, 


Verſedi. 


10˙ 8056676 


to: 8048707 
10*8040753 
r0*3032814 
10*8024890 
10*8016981 
10*8009087 


80903166 
80919203 
$*0935210 
8*0951188 
8*0967136 
8*0983055 


8*0998944| 


10*8001207 


10*7993342 
10*7985491 
1057977655 
10*7969833 
10*7962026 


10 7954234 
10˙7946455 
107938691 


$119*7930941 


10*7923205 
10*791548 


8*1014804 
3*1030635 
3*1046437 
$*1062211 


$*1077955 
$*1093671 


3'11 1109358 
81125017 
81140647 
81156249 
81171823 


81187369 


Tang. 


9 1997125 
9 2005294 
9 2013449 
9*2021585, 
92029714 
92037825 
22045922 


Dif. 


3169 


8155 


$139 
$126 


3111 


2097 
3082 


972054004 
92062072 
92070126 
92078105 


9208619 


92094203 


| Coverſ. 
9*9261185 
99259709 
99258229 
99256749 
99255268 
99253787 
99252305 


Cotang. 


10800287 5 


[0*7994706 
10*7986551 
10˙7978412 
10*7970286 
10*7962175 
10*7954078 


3068 


5054 


8039 
3026 


0t2 


1 


9*2102200 
9*2110184|* 
9211815309 
92126109 


5 213409 


92141980 


7997 
7984 

7969 
7956 
7942 
7929 
7914 


I 


| Secant 


[10*005 3801 


IQ*00540C1 


10*0054202 
10*0054403 
10*0054604 
10*0054806 
10*005 5008 


9*9250524 
909249341 
992478 58 
99246375 
979244891 
99243407 


1077945996 
107937928 
1077929874 
107921835 
107913809 
1077905797 


10*0055211 


t10*0055617 


10*005532c|, 


t0*005002 5 


to 55229 


10˙ 00554130 


107897800 
107889816 
107881847 
10*7873891 
19*7865949 
10*785t020 


99241922 
99240437 
99238952 
99237466 
9*92 35980 
99234493 


10*7907776 
10*7900083 
10*7892403 
10˙7884737 
to 7877086 


19*7869448 


81202887 
81218377 
81233840 
81249274 
31264681 
81280061 


921498940 
92157795 


92165683 


92173550 
92181417 
92189264 


7901 
7888 
7873 
7861 
47847 
7833 


2 


107861824 


10*7854213 
10*7846616 


10*7839033 
19*7831464. 


10˙782 3908 


861295475 
31310738 
81326036 
81341307 


813565519 


81371768 


972197097 
9220491 
92212724 
92220518 
2228298 
2223606507 


107810736 


10˙78 5e 
10˙7842205 
10*7834317 
10*7826444 
10*7818583 


99233006 
9˙9231518 
99230030 
99228541; 
99227052 


7820 
7807 
7794 
7750 


7767 


10*7802903 
107795083 
107787270 
107779482 
107771702 


99889977 
99222583 
9˙9221092 
9˙9219701 
9˙9218109 


107816365 
10˙7808836 


107801320 


10˙7793818 
10*7786329 


10*7778853 


ol 1907771391 


1077763941 
1072756555 


10˙7749082 


10*7741672 


10"7734275 


10˙7726890 
107719519 
1077712161 
107704815 
10'7697482 
10*7690162. 


843869580) 


81402121 
81417258 
81432368 
81447452 
31462 5 0 
81477541 
8149254619 
81507525 
81522478 
81537405 
885230793 
81567182 
81582032 
81596857 
81611656 
81626430 
8* 81641178 


110" 7682855 


10*7675560 
10” 7668278 
107661008 
107553751 
10.7546 506 


8* 81655902 
81670600 
8168 5273 
81699921 
8.714545 
81729144 


1. 39274 
10'7032054 


10˙7624847 
10˙7617651 


10760408 
1076603298 


Secaat | Covert. 


$*1743718 
81758267 
51772792 
81787292 
81801708 
818162209 


4 


9225156 


92259289 
32267004 


9 2274705 


9229907 


2297735 
92305380 
92313024 


923206 50 


9 2328262 
92335863 


9234345 


92351026 
92388589 
92366139 
92327308 
92381203 
92388717 
92396218 
92403705 


9241118 


92418550 
92426103 
92433543 
972440972 
92448389 
92455794 

2463188 


2243819 


92282395 


10776393509 "92 16617 


10*0050434 


r0*0056636 
10*0056844 


10*0057050 


ooo 
10700 57463 


1050057870 


10*0057879|, 


10*0058E08% 


8 058711 


10*0C59341 
to0*005955” 

£0*00£4 7062 
100852972 


7754 


17728 
7715 


F 


117664 


7742. 7758184% 


2 {10*773299619* 
9977725294 


9˙92 15 125 
10˙ 774843909 
107740711 


992091 50 


1077176059 ˙ 9207650 


9˙ 920610 
99204605 
979203169 


1077709929 
107702265 
107694614 
1076869769 9201672 
10*7079350/3 9200175 
10*7671738'/9*9198678 


LO*OOCOLB:. 


; 0*0060822 
10061035 
1.061248 


0 08614002 2 
70*00636:6 
10*000184 1 
:0*0062 106 
10*0062321 
ro*p062 53 5 


I 


10*766413719*91 971850 
10*7650549/9*9195652 
107648974 9194783 
10764141 1909192684 
1076338619 ˙919 118. 
10*7626322j0* 9189682 


10˙ 0062753 
10*02629 7-. 


217465 


Cotang. 


110˙7611283 
„17782 


9 9788785 
9 9186683 
99185182 
99183688 
99182178 

9180675 


107615797 


107590292 
107588815 
10758135009 


917573897 


90170172 
10*75664 457 9" 97776 
10˙75 59 2809 9176169 
10 755161191 9174690 

10*754420619*9173155 
10*7536812/9*g917165c 


Tang. | Veriedl. 


1C*00C405. 


50*00C427 ; 
100954496 
$0*O00C47 17 


o o ge 


O05 οο537o 
n 
1085815 
00% 
[O*OOC 32C. 
0150664S; 


| Coſec. 


*57]> 


10*0058294 
[0*060;Y502]. 
992255037 
10'c0;8921], 
10*0059130{. 


:0*0c6039; |. 
ro*ooboboc 


ro*COC 3187), 
:0*0063404]|. 
[o*0023022| 
- Q*Oc:1 4840], 


| 


D. 
200 
201 
201 


2029 9945390 


119 9943975 


205199943361 
99943155 


19 9942743 


2.994174 


„2.940027 


Coſine 


99946199 
99945999 
9994-5798 
99945597 


99945194 


99944789 
9˙9944587 
99944383 
99944180 
2294372. 
999435 


9 9942950 


92942537 
99942330 


9 994212204 


99941914 


99941492 

7 "9941259136 
g* 9941079 
99940870 


9 9940147 
99940238 


99939815 
999,960; 


99939178 


25 
2201 


to oc 5649350221 
420 .. 


241 
23S 


222 
222 


'D. 


7” 
2 


22 
'9 3233959 


9*993553% 
98938324 
99938109 


49937679 
59937493 
9 9457247 
5 99. 7090 
5920813 


99936375 
19*9936160 
9 9935944 
99535723 
975735384 
"9". 925 285 
9 9935095 
9*99 34844 
9934624 
99934403 
995; 3415; 


E bt! 
9953351 


22944992 


9994065; 


99939391 


99938968 
5993875 


999378940 


9 393659c!: 


| ls - 


[Js — any pros oO 


— 


— — 


* 
tot 


8 Ly 


ET 


— 


2 


Deg. 


2 
0 


— 


* — „% 2 ¶—⁴— 
— — — — — — 
_ 
PI 
- — 


— 
- 


— 


"Wm — 
— — 


* * 6 + * * 
_ — Tf b ho. 1 g — 8 4 * — 
4 -th 5 „ — — N 7 n ar” "= N — FW 
2 At, ==" *$e ix r pur i N 
—— = — — 
l - — — 


_— > - S - 


4 . —˙ m! —— 
> UL : — 


— 


Narug At SInrs, &c. 


E I. 


0 
— 
(FD) 

S 
+ 

ov 

8 


1742211 
1745075 


Vs BD mu 


I750803 
1752667 
1756531 


| > 


— 
Oo © COW 


1765121 


— 
| & — 


1773710 
1411776573 
1779435 
1782298 
1785160 


——— — 
"3 ©\'aza 


197790889 


120061793746 


1796607 
2205392759 

1802330 
2441805191 
2511808052 
1810913 
1813774 


1830935 
341833795 
1836654 
3611839514 


1842373 
18485357 
1848091 

9850949 
4701853889 
42113 56666 


4311859524 


1862 382 
45 1865240 


77870956 
1873813 


4911876670 
1882385 
1888241 
1888098 
5411590954 
1893811 
1896667 


5811902379 
1995234 
1g908090 


5 Coſine 


———— 


1747939 


1759395], 
176225802 


1767984 * 
1725847 


1788022 


1816635 


1819495 
3001822358 


3101825215 
3218280752 


1868098], 


1879528}, 


1899523 


Coveri. 


2864 8263518 


8260654 


28648257789 


2864 


8254925 
8252061 


8249197 


8226290 
822342) 
8220565 
8217702 
8214840 


28211978 


8209116 
82062 54 
8203303 
8200531 
[3197670 


8191948 
8189087 


8183365 
8180505 


286013177645 


138174785 


81719258 
8169065 
8166205 
8163346 
8160486 


8157627 


q 8154768 


8151909 


g 8149051 


8146192 
8143334 
8140476 
8137618 
8134765 
$131902 
8129044 
8126187 
8123330 
8120472 
8117615 
8114759 
3111902 
8109046 


8106189 


8103333 
8100477 


8097621 


8094766 


8091910 


823201615 
8229157 


[5 194805 


8186226 


Verl. | 


Coſec. 


57587705 
5 7492861 
5 7398333 


Tang. 


Cotang. 


Secant 


1763270 
1766269 
1769269 


$*730412111772269 


57210223 
57116636 
7023360 


56930393 


1775270 
1778270 
1781271 


1784273 
1787274 
1790276 
I793279 
1796281 
1799284 


81802287 


1805291 
1808295 
1811299 


1814303 


1817308 


311820313 


1823319 
1826324 
1829330 
1832337 
835243 


56712818 
56616509 
565205 16 
5 6424838 
5 6329474 
5 6234421 
56129680. 


10154266 
10154787 
10155310 
10155833 
1878825 
10156882. 
10157408 


570045247 
55951121 
53857302 
55763786 
55670574 
55577663 


5 548 50 52 
55392740 
5 5300724 
5 5209008 
555117579 
5026440 
54935004 
54845882 
5˙47 54788 
54664812 
5457521 
<*4485715 


10157934, 
10158462 
10158991 
10159520 
1*0160050 
10160582 


10161114 
10161647 
19162181 
10162716 


10163789 
10164227 
10164865 
10165405 
10165946 
10166487 


10163252 


8151922 
0152428 


0153950 J 
o1 5445512 
01549680. 


51559 


91559902 


0156502 
015701 5 
0157529 


0158559 
0159076 


01650111 


0160630 5T9 983937043 


or61rge]? 
em 
3161670 
16219202 


163237 


01627141. 


0163761 


5 5308129 
55220754 
55133659 
5 5046843 
54060305 
874043 
5 4788056 
5 4782342 
54616901 
54531731 
54446331 
54362199 
5*4277835 
5 4193737 
54109903 


54026333 


53943026 
53859979 
53777192 
53694664 
53612393 
53530379 
5 3448620 
53367114 
53285861 
5 3204860 
53124109 
5 3043608 
52963354 
52883347 


52724070 
52644798 
52565708 
52486979 
82408431 


Secant 


52803587 


18 383 50 
1841358 
1844365 
1847373 
18 50382 
1353300 


q 


5*4396592 
543077 
54219188 
5*4130906 
54042901 
53955172 


10167573 
10168717 
120168662 
10169208 


10169755 
10170303 


| 
| 


1856399 
1859409 
1862418 
1865428 
1868439 
1871449 
1874460 
1877471 
1880483 
1833495 
1886507 
1889520 


1892533 
1395546 
18985 59 
1901573 
1904587 
1907602 


1910617 
1913632 
1916648 
1919664 
1922680 
1925696 
1928713 
1931731 
1934748 
1937766 
1940784 
1943803 
Cotan. 


53867718 
5 3780538 
5 3693630 
5 3606993 
5 3520626 
5*3434527 


5 3348696 
53263131 
53177830 
53992793 
5 3008018 
— 223505 
52839251 
52755255 
52671517 
52588035 
5 2504809 
5 2421836 
5 2339116 
5˙2256647 
52174428 
32092482 
52010738 
51929264 


10170851 
10171401 
10171952 
10172503 
10173056 
10173609 


19174163 
170174719 
150175275 
10175832 
10176390 
10176949 
10177509 
10178069 
150178631 
10179194 
1 
I” 


9129757 

oO18032 1/ 
1*0180887 
1*0181453 
10182020 
10182588 
10183158 
10183728 


51848035 
51767051 
51686311 
5 1605813 


51525557 


10184298 
150184870 


10185443 
10186017 


9164811 
0165337], 
0165864]? 
0166392; 
0166921 
O167451 


0167981], 
0168513 
0169045 
0169578 
0170112 
0170647 


0171182 
9171718 
9172256 


17279453805 


8173332 
0173872 


0174413 


174984042 


0175496 
0176039 
0176583 
0177127 


01776730546 
0178219 547 


0178766 


0179314 
0179863 0 9820137) : 


o180413 550 
180963056209 


51815155 


1820675 53 


0182620 
01383174 
0183728 


Coverſ. ID. 


Verſ. D. 


a 8 ; 
| 6 J 47572 

82152934 508 
515344208 


284584255 


1919842471 45 
158944017 28 
1841444 
984992440 
1595930718854) 4. 


9836763038 
524.8362393) 


10167029 016428 — 9838715036 


| = 9833608; z2 
5590833079 ; 
39832842055 
983201929 


532098309557 


33419829 88/25] 
19829353124 


6 982825212 


5409826128018 


544982341713 
544 9822873 12 
— — 


5548 16826 
554 9816272 


——_ —— —„— 


Coſine 
9848078 5 


9847066 
9846558055 
984605056 


384593254 
9844521 53 
9844010{;2 


9843493051 
984298 5050 


984195608 


5839889 % 


98388 5004 
9838 ; zog. 
98378080 
9837286129 


983578953 
9834663134 
983413603; 


98314878 


9830422126 


9828818023 


982774 
827200 .R0 
9826606819 


983587 
982 5040/10 
9824504/15 
9823961114 


982232701 
9821781010 
98212349 
9820680 8 


9819587 
— 
819037 5 
9818485 
9817933 
9817380 


— 


8 


— — 


| Sine | 


— — 


—Peg-19 


— 


„— 


— 


—— 


* 


Loc. Sixzs, Tc. 


dine 22 
72396702 
N 2403861 
92411007 
02418141 
(2425264 


(2446558 
q2453932 
9246069 5 
72467746 
92474784 
2481811 
112438827 
92495530 
2502822 
125090803 
92516772 
2523729 
253067 5 


2544532 
12551444 
#2553344 
(2566233 
92572110 
12378977 


2694019 
2700689 
2707348 
12713997 
9 272063 
92727 7263 
— 
N 
12245487 
7747083 
2753669 


88 2504 


929432374/% 


25376096 


* 704 : 
2766811 


Coſec. 


Verſedſ. 


1 


107603298 
10˙7596139 


107588993 
1075381859 


2110*7574736 


10*7567626 
10*7 560528 


107553442} 
r0*7546368 
107539305 
107532254 
10*7525216 
107818189 


81816220 
81830648 
81845051 
81859431 
81873786 
84888118 
8 819024206 


8:19 1916710 
81930971 
81945208 
81959421 
81973611 
8 1987778 


10 7511173 


2110*7 504170 
p 10 7497178 
10*7490197 


107483228 
10*7476271 


B-2001921 
8'2016042 
$*2030139 
8*2044213 
8*2058264 
82072293 


9˙ 2463188 
9˙ 247056907 
9˙2477939 
92485297 
92492643 
92499978 
9* 2507301 


92514612 

972521912 
9725292 
972536477 
92543743 
22330997 
972558240 
92565472 
92572692 
972579901 


92594285 


1857469325 


107462391 
10*7455468 
10*7448556 
10*7441656 


82086298 
82100281 
82114241 
82128179 
82142094 
852155987 


1107434767 
107427890 


107421023 
10 7414168 
107407324 
10 7400491 
10*7393670, 
10*7386859 


g[10*7 380059 


10*7373271 
10*7366493 


6 10*7359726 


107352970 


10˙7346225 
10 77339491 
107332708 
l0*7326055 


10*7312662 


10*7305981 
1077299311 
1057292652 
107286003 
10*7279365 
227272737 


7 1057266120 


1077259513 
107252917 
107246331 
1077239755 


Celine Dit. [ 


10'7233189 
[1017226634 
34/1 0:7230089 

(10"7213555 
19” 7207030 
10 7200816 
10˙7194012 


10˙7319353ʃ8˙ 


82169857 
82183705 
82197531 
82211334 
8˙2225116 
82238875 
82252613 
82266329 
82280023 
82293695 


82320974 
82334581 
82348167 
82361732 
82378275 
2388797 
8* 2402297 


852415777 
8˙242923509 
8 2442673 
82456089 
82469485 
82482860 


92601461 


Dit. Dit. 


92587099 


Cotang. 


7381 
7370 
7358 
734 
7335 
7323 
7311—— 


7300 
7288 
7277 
7266 
7254 
7243 
7232 
7220 
7209 
7198 
7186 
7176 


9 2608625 
92615779 
972622921 
9263005351 
22837173 
9 92644283 
92651382 
92658470 
9 2665547 
92672613 


9267966905 


$*2307345|9 


92686714 
92693749 
92700772 
92707786 

2714788 


952721780 


92728762 6 


92735733 
92742694 
92749644 


927565846 


2228814 


997277043446 


92777343 


92784242 6 


952791131 


9*2798009|; 


92804878 


82496214 
82509547 
82522860 
82536152 
82549424 
82662675 


— — 


82575906 
82589117 
82602 307 
82615477 
82628627 


852641757 


Secant 


C overl. | 


2825423 
2832251 
92839070 
2845878 
2852677 


9 


9 
F 
9 
9 
g* 
9˙2866245 657 
92873914 657 


9 2879773 © 
9 22880523 


9281173606 
92818585 6 


18432357 


17164 
7154 
7142 
7132 
7120 
7110— 


7099 
7088 
7077 
7066 


107536812 
10˙7529431 
107522061 
10˙7514703 
110 7507357 
10*7 500022 
102492699 
0” 107485388 358819 
10*747 8088 
10*7470800, 
107463523) 
10*74562 57 
0 {0200s 


10*7441760 
10*7434528 
10*7427308 
10*7420099 
to 7412901 
107405715 


99171650 


Coverl. | 


Secant 


99170144 
959168638 
99167131 

99165624 
99164117 
9 9162609 


9161100 
99159591 
9*91 58082 
99156572 
99155062 
99153551 


10%0066485 
10*0066708} 


t0*0066932 


10*c067379; 
10*0067604 
10 "0067329 


10'0068054 
10*0068280 
10*2068 506 
10*0068732 
10*00689 59 
10*0069185 


9*9152040 
9*9150528 
9*9149016 
99147504 
99145991 
99144478 


10*0069641 


10*0070327 
1070070556 


10*0067155 - 


10 009g 4 


r0*0069869], 
10*0070098|, 


10*7398539 
107391375 
10˙7384221 
10 7377079 


10˙7369947 
107362827 


99142964 


40909 (4 
9*9138420 
99136904 
22135388 


9139935 


100070786 
10790071016 
10*0071247 
10*0071478 
I0*007170g 
1070071941 


10˙73 5571709 


10. 7348618 
1057341536 
10*7 334453 
10*7327387 
10*7320331 


10˙7313286 


1057306251 
10˙7299228 
1077292214 
107285212 
10˙72 78220 


10 7271238 


107264267 


* 1022572 
55G 


1072434106 
107236486 


9133872 
99132355 
9*9130837 
979129319 
979127801 
99126282 


1050072173 
10˙0072638 


100073105 


100452 
1070872871 


10*0073339]|, 


99124763 
99123244 
979121723 
9*91 20203 
9*9118082 
9*9117161 


10*007427 
10*0074514 
10*0074750 


99115639 
9*9114116 
9 9112593 
9*QIIIO7O 
9 9109547 
99108022 


10007 5461 
1870075699 


100076176 


1057229566 
107222657 
107215758 
to 7208869 
1077201991 


1077195122 


99106498 
99104973 
99103447 
99101921 
979100395 
99098868 


10˙ 007641 ; 


1050076894 


10˙7188264 
107181415 
1077174577 
107167749 


2 1071680930 


10*7154122 


99097341 
99095813 
99094285 
99092756 
9 9091227 
9 9089697 


100077850 
10*0078098 


100078825 
100079068 


9750 


10"7147323 
1077140534 
1077133755 
ol 0" 7120900 
910-7120227 
1077113477 


99058167 
9*9056637 
9*90S5;106 
99083575 
99082043 
9908510 


1070079799 
10*0580044 


10*0080534 


, +l 


Tan g. 


10*2073573], 
10*007 3808|, 


10*0074043|, 


100074987], 
107007522402 


10700759372 


1000766542 
1070134 


107007737402 
1070077615 


100078340, 
10*0078 582], 


1050079311 2 
1050079555 2 


10 0080289, 


f Verſedl. 


Colec. 


9*9926661 


-[9*9925250 


99920201 


Coſine 


99933515 
99933292 
99933068 
99932845 
99932621 
99932396 
9 99932171 


9:9931946 
9*9931720 
99931494 
99931268 
99931041 
9 999325 14 8 


959930587 
9 "9930359 
9*993CL31 
99929902 
99929673 
9 992 9444 
99929214 
99928984 
99923753 
9 9925522 
99928291 
9*9928059 
99927829 
99927595 
99927302 
99927129 
99926895 


99920427 
99926192 
99925957 
979925722 
9 9925486 


99925013 
99924770 
99924539 
99924301 
99924063 
99923824 


99923585 
99923346 


99922106 
99922860 


9˙ 9922020 
99922385 


9 9.99221744 
99921902 
99921660 
99921418 
99921175 
299290932 


9˙99 20689 
999280445 


2 


99919956 
9 9919711 
9*9919466 


eee 


Sine 


— 
— 
. 


— — 


— 


oy 2 


Deg. 79 


* 


11 Deg» ATURAL 


of | Sine wen hs Coſec. Tang. 
8 


908090 0919105 ˙ 2408431943803 
1910945 808905 5J[5˙ 2330121946822 
1913801 $086199]5*2252050|1949841 
1916656}, 8083344\|5*2174216j1952861 
1919510 8o8oggc]5;*2096618|19553881 
1922365 $077635]5*20192 541958901 
925220 8074780 5*1942125|19619221; 
1928074 5*1865222 228195494 
1930928 5 1788563967964 
1933782 $*1712128|1970986 
1936636 5*1635924|1974008 
1939490 5*155954811977031 
1945197 5*1408077|1983076 
1948050 $*1333381|11986100 
1950903 5* 1258309 1989124 
1953756 1183461992148 
1956609] 5 110883519972 
1959461 5:103443111993197 
1962314 5*0900248|2001222 
1965166 508862840 2004248 


INES, &c. 
Cotang. Secant 


5144355400 187167 
513657631 ˙0187742 
5128622401 70188321 
5*1206921|1*0188890 
5*1127855|1*0189478 
5*1049024[1*0190059 
5*0970426|1*0190640| 
5*0892061 
5*0813928 
5*073602 5j1 
5*065B352) 
50580907 
5*0503690 
5$*0426700 
50349935 
50273395 
5.01970 801 
50120984 
5˙ 0045111 


499694591 
4.989427 


Tab. 1c 
Cofine 


— | 
9816272060 
9815716 
9815160 
9814603 
[9814045 
9813486 
9812927 
9812366 
9811805 
9311243 
13 

9810116 
4809 


9808986 
9808420 
9807853 
980728 ß 
9806716 
9806147 


9805576 
9805005 


| Verſ. | 


2183728 
5184284. 
5184840 
185397 
5185955 
51865147 
5187073 


0187634 
o188195 
0188757 
[2189320 2 
5189884 
2190448 
9191014 
0191580 
9192147 
0192715 
0193284 
0193883 


0194424 5 


8071926 
8069072 
80662 18 
8063364 
80605 10 
80537656 


054803 
8051950 
8049097 
804624415 
8043391 
8040539 
8037686 


8034834 


1*0191222 
10191805 

150192389 
10192973 
170193550 
10194146 


10194734 
10195322 
10195912 
10196502 
170197093 
10197686 
10198279 
10198873 


Soares O 


1968018 
1970870 
1973722 


1979425 
1982276 


1987978 
9 1990829 
1993679 


31199650 
[1999350 
200 5080 
2007930 
2010779 
2013029 


2019327 
2022176 
202 5024 
2027873 


2042113 
2044901 
2047308, 


2056349 
2059195 
2062042 


5 2064888 


1976573} 


19851277 


20022301, 


2016478 8 


2 


2033569 
2036418 


2039265]? 


12050655], 
205350207 


8031982 
8026278 


820575 


8014873 
8012022 


8009171 
8006321 


3003470 


7997770 
7994920 
7992070 
7989221 


7986371 
7983522 
7980673 


7974976 
7972127 


7943651 


7935112 


8029130 
8023427 


18017724 


$000620 


7977824 


7969279 


55812539 
5073901 2 
580665701 


50592606 


50519726 
50447060 
50374607 
50302367 
50230337 


50158517 


5 0086907 
5 00155 
4994431: 


4˙9873323ʃ 204664348 


4*9802 541; 
4*9731964 
49661591 
49591421 
49521453 
49451687 
49382120 
49312754 


49243586 
49174616 
49105844 
4˙9037267 
48968886 
48900700 


7952192 
7949345 
7946498 


7940895 
793795S 


4˙88 32707 
4*8764907 
4*8697299 
48629883 
48562657 
48495621 


4˙8428774 


2007274 
2010300 


2013327 


2016354 
2019381 
2022409 


204 5437 
2028465 


203 1494 


2034523 


498188131 


49743817 
4*9669037 


49520125 
49445990 
4˙9372068 
49298359 
49224859 
49151570 


49594474 


10199468 
10200064 
10200661 
10201259 
102018 58 
10202457 
1*0203058 
1*020366c 
10204262 


2037552 
2040582 
2043612 


2049674 


205270504“ 


2055737 
2253769[4 
2061801 
206483404 
2067867 
2070900 


2073934 
2076968 
2080003 
208 3038 
2086073 
208910914 


2092145 
2095181 
2098218 
2101255 
2104293 
2107331 
2110369 


49078491 
4.285620 
48232956 
60499 


48644359 
8572719 
4˙8 501282 


'$430045 


[48359010 


43288174 


48217536 
43147096 
480768 54 
48005808 


4*7936957 
4*7867300 


1*0205470 
1*0200075 
1*0206682 
10207289 
10207897 
1*02c8506 


1.209176 
10209727 

10210339 
10210952 
10211566 
150212180 


18212796 
10213413 
150214030 
10214649 
10215268 
10215888 


47797837 
47728568 
4*7659490 
4*7 590603 
4*7521907 
4*7453401 


150216510 
10217132 
10217755 
10218379 
t*02 19004 
150219630 


4˙7385083 


— 
0220257 


5194995 


2195567 
196140 


21967145 
9197288 


0197864 
0198440 


21990175 
019989505 
| 0200173 
1 '0204866[02007 53; 


0201333 
0201914 
0202496 
0203079 
0203663 
0204248 


0204533 
0205419 
0206006 
0206 594 
0207182 


0207772 


2208362 
0208953 
920954 
0210138 
0210732 
0211326 


2211921 
0212517 
0213114 
0213712 
0214317 
02 14910 


8215510 


9804433 
9803860 
9803286 
9382712 
256109802136 
9801 560 
9800983 
9800405; 
9799827 
9799247 
9798667 29 
979808628 
9797504127 
9796921/26 
9796337025 
9795752124 


9795167 23 
979458122 
979399421 
979340020 
9792818079 
979222818 
3979163807 
979104716 

97904551 
593735862 . 
9789268 
3588674 


9788079 
29787483 
8 9786886 

9786288 
9785689 
9785090 
— 


9754490 


502967734 
5712070580 
58 073420 
5902076272 8 
6012079117]. 


| Coline 


— ene 


7932266 9783889 
9783287 
9782684 
9782080 


9781476 
— 
dine 4 


— Peg: 75 


4˙8362114 
4˙8295643 
44 ˙8229357 
4˙8163258 
48097343 

Secant 


4˙7316954 
47249012 
4*7181256 
47113686 
470406301 


Tang. 


* * I" 


2113407 
2116440 
2119486 
212252 5 
2125 566 


Cotan. 


*— 


Oo 22088 5 
0221514 
0222144 
0222774 
"022 340610215524 


Colec, | 


021611106 
021671316 
0217316 
O2 17920 
0218524 


Coverl. 


10 — 5 — 


1 
l 
1 
l 
I 
1 


k4 


New. . A TOO i = Fes a (271) 
2 Dit.“ Coſec. Verſedſ.] Tang. ]Dif.] Cotang. | Coverſ. | Secant [D.] Coline 


. 7886 771765 *0080534|, % 9919466 
— ; 8*2041757]9*2856523],, 10*711347719*go85510[10'00 246}... 
y2305988 [6 1 719401218, nd pf 74"|10*7106737|9*9078978|10*0080780[4*19:9919220 
6 2812483 6485 10˙7 1875782654867 2893263 6730ʃ19,7100737,907897 


6 
, . 008102624 99918974 
71810338 26679579 2899993 © eee Bad fac; fur: 247|”. | 
auge! 0474 * 8.268 1036 92906713 {os 10*7093237|19*g075911 ale ia, 247 99919727 571 
57556420 ·51685950 8.260478 9*2913424| 502110 786 576.9743770, 008 5264.918480 
* 454 


8 a . a 842 [to oo8 1767 99918233 55 
. . 8*270710919*2920126 6691] 797987419" 907284 2470. 

2838359 44107161641 4 »H ee. . I307|[10*0082014 9991798664 
2844003 . r0*7155197|8*2720119]9 — 668; 2023830922130) 249 — 


a : 002263489 991773753 
—— 7148763 8527337719335 to 70665009 9069772 J[to 002263 24809. 
EEEEEVTTTTTb 20 ggraBg 
1257647518. 275903 592946836 t0*7053164[9*9066699]10* 249 
4:364076|, 1 7110 71359241927 59035 1 *g065163]:0*0283009], 991699150 
80480540410. 20827719679 ˙2953489 nene. 25000 

6 9393) 10-7123125/$-2744380|g-2960124/524*[10-7939866 9:90636z5110-00832591,4,19-9916741(49 
94 — - 0 - * 0 1 . 

72883260 — 10*7116740|$*2797774[9*2966769; 66267332310. 9062087 —— 25 


. A . la- 0 83759 * 99916241 47 ö 
P *7110364|$*281064919*2973 95 g110*702660519*g06b0549 1000 25119 
FTT 10 8426751853 
55%. 509743828 3634 1298661806080 10·701 33820905747 25108. 
57902357 10 nene : n 2 10˙ 0084512, 99915488044 
hf . 618*2849158[9*2993216 eee hat. wad 25212, 
Ar 657857578633 8.28747 35 2-884 657102069936 1719:005285 111070085016], 1929914984142 
(1913993 6g 15-7066907[3:2900238/9" 3019514 6552196980486 hen! (ht bother (as TT ep peo 
Nee 62980. 8291295809. 302656662 (106939340 9048227 to- oc 254 
2940291 6289 1057059709 a 9 22 F 6 6543 106967 39119*9046685|10*008602.9 2 <a(9 9913971 38 
9946888057/7.70534209 2925667, 30326096 534010. 585700 9045142010 · b86283,549˙991371737 
ONE 9 829383469 3039143062410 ˙09608 579 905142 25508. | 
(2952359 10*7047 14115 293534019" 524| _, 1*0c86538 13462036 
9959129 ** — 704087118*295101219 3045667|g5 6110 095433319*9043599]19-0c865380,7519"9913462 


e - ; 20086793 9*9913207|35] 
02065 -2034610|8*2963660]9*3052183 10*694781719*9042055 EY TY 2550/7. 
FEET deres e) eee 
* 2428. 829888 3065187 107093481309 ˙90389 . 25 
92977883 6 > 4110*702211715*298859919*3005 6482 . * 0087 6 9912440032 
2 a ; 4 602 7421|10*0087 560}, 69 ˙9 
25841160 38e. 5018848300149 193071675 os Pan pol hes: 053816 87,9.9912184031 
7250330 6223 10· 0096618 · 3014064308155 bar ro*6921845 9. 9035876 10. oo 7 257 43 * 
6 | o[10*0088073 9 991192713 
42996553 10*7003447|3* 3026619 9884526 64625 991537419 9834339 21257} : 
3 6205 0 830391 569: 309 1088 6 [10*690891 2 99032783 10*0088330 258 9*99L109701|29} 
rep tp( 095110 220804 2020.50 eee 6444 1©6902459/9-9031236|10-0088588}, 3919-991 1412/28 
4 guy 10•6984885 8.364775 9:3103985 6436 1 42 — ua 26 
* 12 Zl 3056657 311042 1064251˙6889 5790 908 141fo· 259 62707 
9 3021317 10569786838 30766579 311042106 _— : : . - 01062712 
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20023061 59 2830 769384104 ˙3362150 2370044 4'2193318[1t027701802695 51 972 9730449 
2112308939 2830 769101143 308996 K37311604˙2138690/1 0277727 0270223 ho. 9729777 
22[2311819 2830 768818114*32559771]2376189[4'2084.196 1 027543712708991673 9729105 
; 312314049 2830 76853514 3203-90[2379262[4*'202983 51027914 2715680; 9728432 
2412317479 283017082521 4* 3150336! 2382336]4*197 5606 110279860Þ02 72241]; 19727759139 
25320309 2829 7679691 4.30 715, S8 ce 4'19215101*0280573ſ02.729 16 b7g 9727084 
26 2323136 2829 767686214*3045225[2 38848 5418675460198 128700273891 6 9726409 
2712325967], 8291707403314 2992867391504. 1813713 11082002 2274267670 9725733 
12802328796 2829 707120404 2940640z 39403 54 17600111 0282717 5274944678 9725056 
29233162 502829765837 5142388 543239 7714/4174401. 28 343402756226 9724376 
302334454 2828265554004 28 3657624007884 41652098 10284152 0276301 67 9723999139 


— dof. he — — 979} 
31023372824 2828076627184 2784738 24038644 ˙1 59 1599685 1028487 15276980 6817 972 3020 
212340110], g28|705989014*27330291240694214* 15465011 028559000 27766168 due © 
3312342938 282317057062 4*2631449(24100191[4*1493446]1'0286311j10278342 682 9721 0 
342345766 282807554234 4 26299961241 3097 4*14405191i* 0287033 0279024 682 972097 
5123438594ſ2824|7 51406 4. 2578671024161764 1387719087559 70665 6 9720294 
3602351421 [2527 7648 57914 2527474124192 5514*1335046]1*028847910280390gg 1971908 
3712354248 282 7645752 'Y 2476402[2422334 412824991 02892031028 10740686 Nie 
3823570750327 7642925 4*242 54571242 5414/4*1230079Þ1*028992910281760|g 2 1971054 
39123599024; g. 417640098[4"237463712428494/4"1177784þ1 029065 50282446687 9776887 
4012362729 2326 763727104˙2323943ʃ24315754˙112 5614/1029138 30283133 687 716785 
4112365555], 9 41703444514 2273373124346 5614" 10735691 1'029211110283820|,g 197 


4 2368387 232617931619 427 2222928 243773714" 102 164910292840 0284509 68 9715491 


0 31237 1207 28267528793 42172606 24408 1914 g 18293377 — 690 ab ow 
412374033 28267625967 4 2122408 244390214" 0918178009430 2028588860 132421 
4523768 59 7623141042072333024469844 8666271 029503400286 579 692 2 
4602379684 2820 752031604. 20223801 2450c08|4- o0815199]1*0295768jo28927) 1 693 35 

47 2382510 1761749014" 1972 49 2453151 4˙0763892 1096500287964 693 {ki * 
1802386235 761466 54 1922840024562 364 0712700297237 0288657 69 22 2 — 
r „ ˙a ̃ ¶ͤaNAAAAmm ] m nn yrs Wh ̃ł‚O‚ 
492388159 761 184144 1873252|j2459320{4*066164.3]1*029797 310289351 69617209953 
5012 390954 7609016{[4*1823785j2462405[4*061070c|1:02987 1110290047 695 5 55 
2393808 760619214" 17744381246 549114” 0559877 110299449102 907421697 370 81 
5202396633 0 -1760336714"'172.5210 2468577]4*052917401:0300188[0291439|693 9 97863 
2399487282 C0 54 304. 16751047 1663.4 58 590%. % 8291376987765 
4 2402280 2824/259773914" 102 4*'1627114 2474750[4" 0408 125110301 66910292835 699 26766 
5512405104], g, 17594590/4 15782431247 7837]40357779|1239241110293534|700 5 5 4 
612407927], g2.4/7 59297314" 15294911248092514"03075 5011*030315410294234/501 9 
5712410751 282307589249 4˙74808 56 248401 31402 5744c11*0303898j0294935 702 
5802413574 2822 758642614" 1432339]2487 102 4020744611*0304643 0295037 702 
59241639685 758360414!1383939]249019114*Cr5757ch1 1-0305389}296339 70400 55 


1527068100263 54% 


3 9736453 
4*2635218 I 10271381! 2264211 


649735789 


bot 2419219 758078114* 41335055 2493280/4*0197809, 103061 3610297043} 
| Cofine 1 Yerl: Secant Due. Tan I Colec. |Coverl. 2 — . 


—_— {_— * 


x Oo 
* , 7 ' o — * 9 * * 
* 6 Oy VP — I 22 . N 
— dad. 


1 


n — * 


OG. Six Es, &c. 


K 


193692363 5252 
1936976083545 
* ö284 5239 


93728940 5205 
137341 39\5! 99 
19373933127 
193744517 97 
151 


1937703479153 


99587239 60 
97938694759 
97988665558 
9988636357 
9988607056 
9988577655 
2888482 
99885188053 
9958489452 
9988459951 
9988430350 
97988408045 
93883772 45 
99883415147 
99883118146 
219*9382821145 


9*9882225[4 

99881927042 
9˙988 162841 
9˙988 71329040 
9˙988 1929039 
9988072903 
99880429037 
99880128 36 


Mmz - 


998798273 
99879525034 


99871549 
9*98712 36 
9*g870924 


(0-67 W |Dit. | Cotang. | Secant | 

*64791201[5*4087 47 . prey 

ot. 651 8-409855619-3639401 lap 10.678895 n 
10˙6468 190084109622 575 . 6 . 

6 10 8770 28 Lo 100354045 9 88901 14 ++. 13345 
106457290 8*4131713 5740 186822 99 10701 13637 
10˙64518 50841427369 13662374 9733 1040455008 * 

. . 4 - 72 
DI TELE LE 6681007, 1g" 033190<[9 8883754 teren 
1056433374 5 416474119: 3673819 ©713|0*6326181133882162[10%0114812|, 
1.644760 9.4192644 9.36937 692 1.630963 . 
10˙64 19 363 8.4208 58 393696629537 10˙6 303371 10111597 
106413973 84219 308 56360 530332. 8 
1706408591 842304259 S0 —=—=]2 N 
2009 . TT 
10*6403215 2891 „ 5673 aſe 94 e. 9*8872605 10*0116585 
9 9 3719333 255 10·6280867 — 
10*03924 *426 072 3 5 þ 
. 28 93730645 5653 an of {pep on; 
10˙638 4783084284770 3736201 5646 N þ 100117775 
% reeoongss gig por res 370919 326g6271 10007 19073 
I . . 
19-6471108[8-4308414[9-3/47305/ 5032 10-63529.7 3 
10˙636578 108431721600 3753190 5627 1922 — 10118671 
10636046 10843280049 .37588 10 $62 ee, 9.385852 ated. 
10*635514313*4338778 9*376442 3 3613 n 9 e 
10˙6349842 8˙4349 5 39093770030 5607 8 35577 100119571 
oy 1076344 8 86 LA 100119872 
5428 ˙43602869˙3775631 10622436 5 — 
10*62202 col8* j 55941 © 39919 I0*O0120173 
begnadete eee 
10˙632868 8084392447 3792394 5581 be 4 88 50236 enn; 
2 3 9 4403141 93797969 3858 — — 
p em e 225 5563 10-6196463J˙8845431010·0121685 
3 9 8˙4424488]9˙38 , na > 
106307637 e 77 5555 . 9˙8843828 1070121988 
10˙6302 3928444783 93820205 5550 „ 1070122292 
10˙297153 8445041009 ·382 5748 $543]; 6x 9795 2s 10*0122596 
10*629192118*4467024 5537 NET 9*8839017]I0*OT22g01T 
10*6286696 $*4477625 933836316 5531 aye +, 8826807 1070123206 
10*6281477,8-4488213|9" 3842 74< 2 eee 
1,76 ery 9384234005518 ne = 10*0123817 
1.627 1060/8. 4509 35009· 3853370806 n 35335 22 
10˙626586 1084519898938 58876 ik . * 
10*6260669/8-35 3043419" 3364376159? — 2 
e 4540957 9329s 5487 106130131 ah, 6 
O ; 51 * © = . 1 0 
VVT 
10·62 3996684572448 375475 I ry 3 9*3822949 10*0125969 
10*6234806|8*4552920 5469 Abbe cs 2377725 „„ 
10622965308 ˙4 $19*28 5403]... 3 "VEN 597 

- ee eee 9 5456 La bans 100126897 
107679857 747 681578 — 1 

1 10˙621423308 4624679 5444 On 10*0127518 
10*6209106|[38*463508 5 5439 — — 
10˙620398 818464549010 543210. , ; 

8 2 34316 9.39244 5427 2 1 3 ; 
10˙61 6 . e430 __. 4 1050128704 
I 727676555 5414 r0*606468714 8806833] to:0129076 

O . meg — 
$66|8-465693519- 394613615429 3 2 
477|8*4697267 $15402|, vail 463 1 

ö Sela 0*O1 ZOOT 
2 3950935 . r (00130330 
. : '6037674|19*3798756|10'0130644| 
SDSS LEE 535 eb La + : 1019130959 
<ant_| Cover, | Cong) Dl] Tang, [Vera] Culte, 


9*9870298 


99869386 
99869041 


— ä a A un "a>. a. — 
o 


14 Deg. Narv« au SINES, Tc. E 
Sine [Dif. Dif. Corel. Toſec. Cotang.] Secant Verf. D. Ouneſ 


9124192198 1 758078114*1335655 73 4*0107809|1*0306136[0297043],,, 19702957 bo 
1242204102822 8748 6 00 581651030688 704 

422041} 0,,1157795914*12074071249937014 0058105/1 03 419297747 705 9702251 59 
212424863], 0 .17575137|4*1239435[2499460[4*0008636|1*0307633)0298452| 619701548153 
312427685 4822 7572315[41191498/2 50285103 ˙99 59223010308 3830299158 706970842050 
424305078227 86949304˙1143675/50564203 9909924170309 13402998648 97001 36 56 
| ©,2433329[.g21750067114*1095967[25007 3413 *9g860739|1*0309886[0300572]..,g19699428\5; 
6124361 co 4 Wo 7536385ci4*roqg8374}2511326 3 9811669 I 10310639 0301280 709 9698720154 
712438971|,g,, 1750102914 o ο 89e 5149193 9762712ʃ1 0311393] 301989 710 9098011153 
82441792871 755820814*2953520]2518012[3*9713868[1*0312147[0302699 770 9697301057 
9 2444613 $50 7555387|4*0906272/252rxobf3*9665137}1*031290310302409 712 9096591 51 
1024474330782 755256704˙08 5913 5242003596 16518603 136680304121 71209 695879150 
1112450254| 6 [7549746|4*0812100[2527294/3*956801111*031441810304833Þ,, ,19695167145 
12/2453974|, 22 17546926|+ 97051810 539289 3:9519615 1031517719395547|713 9094453148 
13 2455894 2819 7544106478374 2533484 3*9471331[1*031593610306260],, 9093740 47 
14245871382 4128 740671677 53558939423 15703166970 0697501609302 5040 
1524641533 2819053844. 2891 2539676|3*9375094|1*0317459[09307691].,, 619992309145 
16/2464352] 8191753 504314*05786151254277313 9327141 1*031822210308407|-,g/9991593144 

l 
I 


— 


[17 24671711” *0318985]0309125|,;8 9690875|43 


:8r9753282914*0532249]254557013"9279297 
13/2469990|1g,017532010|4” 04859922 543963/3:9231563]1*0319750j0309843[5 cg [9690157142 
968943841 


19'2472509] 8,81 527 19114 04398442 552006 3'9183937]1 719 
| 20 2475627 2818 75243734.303804 2555105 3*'9136420|1*0321282|0311281 9688719140 
2112478445 281817521555 4*0347872|2558264|3*908901111*0322050]0312002 721 9687998[35 
22,2481263 2818 7518737 N- 3904171001 0322818]00312723 19687277138 
23/2484 81] 281817515919 4025633212 564463 3*'8994516 1*0323588[0313445 723 998655513 
24 2486899 2$15|251319114*0210722 2.56756413'594742911*032435919314168|.,, 9685832136 
25 2439716 2817 7510284401652 19/2 5706643 89004480032 5130/03 14892 968 5108035 
26 2492533, 9,417 597467]4*011982312573766 Z*8853574|1*0325903]9Z15617|,.- 98843836 
27 2495350%½ 81784655 400745 3212 5768683880680 51032667603 1634202 9683658033 
28/2498167 hay 7501833[4*0029347(2 579970 38760142 1*032745110317069 727 9682931032 
ala 2 500984” o ,1749901613"998426712553073(3*5713584[1*032822710317796|..8 9682204131 
2012 503800 2816 749620003 993929202 5861763866711 0329003031852 72821425 * 
31 2500016 2816 749338403 ˙989442 102 58928003 ˙8 6207821032978 10319252 730 9680748 70 
32 2509432 2816 7490 56803.9849654½25923843˙85745371·03 30559 1998230 9680018128 
33/2 2512248 2$15 748775213*9824991{2595488|3*8528396|1*0331339j9320712 731 967928802) 
342515063 8160748437 397604310598 593038482358 1332190321443 7320678857 
35257787905 "8x £174$212113"9715975|2601699\3"84.36424\1*0332901[0322175 9677825125 


36\2 520694 2814 7470 0603 9671021260480 5 3˙8 39059 0170333683 03229080733 9677092124 


37 2523508 2 Sik 7476492 39627269 260791103 ˙8 3448610103 344670323642 734 9676358023 
380826323 1 74736773 9533219|2611018[3*5d299233[1*033525110324376 7361967 5024 1 
$3912529137 2$15 7470863(3*953917112614126{3*8253707[1*0336037[0325112 736 9674888|21 
4012531952| |, 21746804813'949522412617234 3*8208281|1*033682 31032 5848 737 9674152120 
12534756 + 7465234\3*9451379(2620342|3*8162957]1*0337611]0326585|.2, 9673415119 
42/2537 579|.g 21746242 1(3"9497633[2623451[3'8117733110338399Þ93273221730 9672678118 
4312540393 281274596073 39363988 2626560|z3*8072609|1*0339188]0328061 739 9071939 1 
445432008 ½7456794 393254430 262960 0;·802758 5 1.339979 328800% 11997 1200}! 
45 2540019 „ 745398103 ˙9276997 263278003 ˙7 98266101 034077000329541 741 96704591!5 
46. 25488320 3 745116803 ˙923365102635891][3˙7937835 10341 5630330282 741 9669718014 
4715551945] 217448355(3*9190403j2639002[3*7893109|1*0342356]9331023[-, 966897713 
48/2 5544556 317445542/3*9147254(2642 11413784848 1[103431 512331766], 141990923 9668234112 
* 2557279! g,,1744273013*9104203[2045226 3*780395111*0343946[0332 510! 744 9567459 
5002 560082 :$121743991813*g0b1250 264833913*775951911*034474319333254 745 966674 
512562894 2811 7437 106j3*yo18395|2051452]2*77151851'0345540[0333999 740 g666001 
52/2505705\" 31211434295(3 89756371265456613'7670947|1*034633519334745]747 9605255 
$3|2568517/25 117431483, 3*393297612637680]3*76a6807|1*0347 138[0335492| 747996457! 
42571328 48111 742867 3*8890411]2660794 z3*7532763|1*0347938[0336239 249 966370! 
5512574139 281117425861 3*8847943 2063909 370 ITY 103487 4005336988 700 2 
455.2575959 8 1742395913 *55055701266702513*7494963|t'0349542[9337737|750 9662203 
 [5712579760]7 9 17420240/3*8763293|267014113*7451207]10350346[0338487]7 7, 19991573 
5312582570 2$111741743913 8721112 267325737407 54603511 500339238 751 966076 
5 2583785 280917414619 3*867g02 512676374 3*736398-|1*0351955[2339959|45 3 ene 
wo 2588190 7411810 3 — 85322288 7320 o508\l 150352762 23407432 9 59 5 


| \Coline if. Verf. Verl. | Secant (Cotan, Tang. Nec. Sine | 


*0320516]0310562 


- 
_— 
» — 


=} © RA ge <a> 2 © 


— | _Colec, Coverſ. D. 


8. 
wh 


* 1 


es if 
_— 


u Deg. | Los. SINES, &c. 5 Gm 
| Sine [Dif. Colec, Verſedſ.] "Vang. JV! | Cotang. Secant [D. Colne 1 
——ů — — . 


prunes” hes Nee een e a . 9986904 1|60 
I 10*6163248|18*+4728189{9*3967711 10 6032289 9 ˙8797140010˙01309 59 3 
Naas 5063 1˙5188195 er 3 537 10*6026911|9*38795522[10*0131274 316 9 59 
119'3 5058 10615312708 ˙4748742 9 3978463 * — 10˙602 15379 879390510 0131590 316 hey ryan 58 
| 385192405 10˙6 14807608 4759 3983830. 6s 10*6016170|19*8792286|10*0131906 316 ** 4 57 
3856960 5045 10614303108 47692469 3989191 ** ro- 6010 80998790668 10032222 317 Ao od bt 5 
0 93946737992 8.4779480 3994547 3349ʃ½5005453.878994 19,013283037709.986144055 
613296008 478970109 3999896 $244 10*600010419*8787429]10*01 32856 317 dee 54} 
10˙612 8 1009 ˙ 4005240 10*5994760|9*8785809|10*0133173],,g19 9 2753 
10.6124038.4329107%•4758785338½0•39894220˙8084188,1·73349 3180.585659 
3053•4 21 015938 8 878256 0133809509 ˙986619 1/51 
90882101 10˙611789908 48202919 ˙401 590 5327 10*590409019 8782502 0133 319.986 587250 
13887709 a. 10˙61128910[8 48304649402 1237 5 10597876309 8780946 einen 99865553 5 
193892111|5002|10-61078891$:4340625|9:40265 58] 257 119597344219 8779324119 01344472200 062253148 
913897106 4995 10*6102894[3*485077 3|9* 4031373 ; 10*596812719 9*8777701 10 213977 320 or wry — 
73902096 10609790408 48609 1094037182 10596281809 9 8775078 eee; . 4 
ere 48g 10-6092921/8-487103419-4042486| 2294110" $957 $1419 8774454 10*9135407 340|99364593146 
19*3912057 497 10*608794318*4871034 940477845292 105952216 98772830 man 321 2. 45 
6913917028 (10*603297218*489124719*4053076 5287 r0*5940924 9*8771206 fern! vos | 3 
79˙3921993 10˙607 800708 490133609 4058363 5281 175941637 9.769587 _— bp 322.9863308 2 
$9'3926952 4959 10*6073048|8*49114121[9*4063644 10*593635619 8767955 10*0T 36692 322 —— 
091393190 10*60680951|8+492147719*4<68919] ., 015931081 g*3706329|10*0137014 3231”. 41 
* 4947| 10-6063 148 * 4 4074189 Sk c0*592581119*8764703|10'01 * 323 T * 
3047794 404.10 · b 582068494 1572949453052 59/19 592954719 $763076| 101013766011, .19 99 139139 
193946729 4935 10*605327118*4951601|[9*40847 12 $253 10*591528819*8761449 10*0137983 324 9.58616 7038 
35518 5849210648342 8˙4961679.489965 5247,59 10 380.87 59821/913837 3240.986138 
49.3986 581 ＋ 10.604349 8.497162 59.498212 10* 590478898758 1920˖0 Or 38631 — 5 3 
„5a 10· 6038 50184981619 94100454 10.589946, 8756563 100138955} ,,.19 9 3135 
00-3 29664104907 9h 4 es 94105690 5231 0.58943 1009875493410 039280 ff ev mon 34] 
0 3971315 4905 10.602868 58 · 5001 57394110921 1058890799 ˙8753 304 100139606 32 5 9 2860 — 
. 397021 5 * 10602378508 5011532090 ˙4116146 22 10˙58838 549 ˙8751674 e 4 32 9 Ke . — 
93581109 4889 10,6018891/8-5021489% 41213665 105587863487 50043 100140258 32619 2259786 30 
th 3985996/32g,|10 r0*6014004|8*,031416|19*4126551 ; 10*5873419 9*5745412 100149534 327 2 22 3 
9.399087 8 106009 1220850413409 4131789 1058682119 8746780 eigen! 99559059029 
—9 39957 54 22 106004246 wu 94136993 1. 1058630079 ˙ 8745147 10 0141 238 328 9 1 28 
4 450062 5/4 'Þ 10599937508 506115609 ˙4142191 1,5857809 g*8743515]10*0141566 9 38 * 


$ — 

450 192 2 — . 8 8106126 
e a e e e 
[4210348 10*5989652!8*c080925|[9*415257C 5182 105584743909 974924 32805 - 


bY 7 915201 15 1059847998 50907029 4157752 10* *534224$\9*5738613]12*0142551! 9 9857449124 
7 2 3 LEEAT — 


5 I . 9857119023 
[194020048 10*5979952|8*5100648|9+4162928 10*5837072|[9*57 30978 100142891 9 9 

Pl 4024889 4241 r0*5975111}$*5110493|9-4168099 2446 10· 58319019 ˙873534310˙01432 10 330199350790 22 
9452 244535] 10207025618 · 412022600 41722685] - 110:5826735|9 8733707110 0143549], 2,19 985771 

9724\ 1820110 5979276(8*'512032619*4173205 5 3310-088612 

9403458430596 8446851320148 417842 5189058215759 ˙873207110˙ 0143870219852 20 
| 4039378 4818 10596062208 51399590 4183580 3149010. 5816420. 873 0434144292331 3355407 18 
481994873 8288894 85149238 9.4.887295145 81221-8227 33: 


19'404900 ! 41938 [10:580612619*8727159| 100144865 , 199555135117 
4 55382d04857 1 $6 oj A $64 24. 5139/10-3800987)9*$725521[10*0145197 23 219:9354893/16 
$9'g9 5361 4801 29 97 5 5 0 6 5133 10*57958 4|9*8723883(10*0145529|- 99854471 15 
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9'6437732]10"0815963/g2219:9184037 
9*5435354|10*0816817 854 9*9183183 
9*6432975|10*0817671 854 9*9182329 
g9*6430596|10*0818525|,2"19*g181475 
9*6428215|10*0819380 $2619 9180620 


8308 101691066 
38311624 —_ 10*1688346 
98314374 2719 101685626 
98317093 2718110" 1682907 
98319811 27180157 1680189 
98322529 27171577471 


9.645834 ,082023 569.9179754 
96423452 0fo 0821092 8299178908 
9*6421068{10*0821949 325 99178051 

9˙641868 500822806 2 99177194 
9*6416300]10*082 3664 22 99176336 
904139141 10*0824522/g. 199175473148 


98325246 271710 16747 54 
9*8327963 2716019. 1672037 
98330679 271512 *1669321 
9 8333394 2715 101666606 
98336109 2714 101663891 


93338823 3882 3]271341 01661 177 


9 9 641 17528 10· 0825381082009 ˙9174619047 
9*6409141|10*0826240 885 99173760146 
9 10*0827100|g 6 19*9172900[45 
9*6404364|10*0827960|g, [9*9172040 
9*6401974|10*0828821|g, 19*g9171179]43 
9*6399533|r0*0829683|g,.19*g9170317142 


9 98341536 2713110 1053464 
9'3344249]2712] 121655751 
98346961 2712 10˙ 1653039 
9*5349673]2711419 1650327 
9*38352384|25x0419 1647616 
9835504 2710 101644906 


90397 192|10*0830545|gg,19 9169455141 
9*6394800/10*0831427|gg,19"916859314 
9*6392406|r0*0832270 864 9*9167730139 
9*6390012[10*0833134 364 9*9166866]38 
9*6387618110*0833998 865 99166002137 


9*3360513]2,08119 1939457 
93363221], 208119 1636779 

98365929 2707 10*1634071 
9*3363636 2707 10*1631364 
9*8371343]2706}10 1628657 


98357804 2709 10*1642 196 


9*6385222110*0834863 865 9*9165137136 
9*0352525 10*0835728|g6619* 9164272135 
9*6380428|10*0836594 867 9916340634 
9*6378030|10*0837461 $6619"91625391]33 
9*6375631]10*0838327|gggſ9" 9161673132 
9637323 100.08 391958689 ˙9 160805 517 
9*6370830]10*0840063|ggg19* 9159937130 


9*5374949[2706019 1025951 
9*5376755|2705110 1623245 
3*8379460 2704 10*1620540 

*3382164]27,3110 1617835 


9 8387571 2702010. 1612429 


98384867 27041T0˙ 161513309 


9*6368429|10*0840931 $69 9*9159069129 
9*6366026|r0*0841800 9915820028 
96363623010 0842670 870199157330 27 
96361219 10˙ 0843540 9915646026 

635888 14,0: 844411719 155589 25 
. 10˙0845282 8720284218 24 


9839297527010 716075 
9*8395676{2704110" 1604324 
98398377 1601623 
9840107712699] 10" 1595923 
9*8403776 2699 10˙1596224 


98390273 270201109727 


9˙63 54001 10.084614 872 9915384623 
96351594 10 084708730 9915297422 
9*6349195110"0847899/g.1219*91 52101121] 
9*6346775 10· 84877274 9915122820 
96344366 — 7519 9159354519} 


9840647 512699119 1593525] 
9*8409174 2697 101590826 
98411871 2698019,1588129 
9˙8414569 2696 101585431 
9*8417265 2696 10*1582735 


9*6341955110'08505211g, 199149479115 
9*6339543|10"085 1396 87 5148604017 
9˙7337131U0˙0852271 $7719 9147729 *. 
963347171, 8531488769 ˙91468 525 
9'6332303|10"0854024/g9919 9145976114 
9*6329838|10 0854901 878 99145099113 


9*8422657 2694/19" 1577343 
9 8458556 2695/10 1574649 
984280462693 [1˙1571954 
9843073902693 [ro 1569261 
9.8433432½2693I10˙1566 568 
2843512826920(10186382 


9*841996112696|12" 155003919 6327472110*0855779;g29f9" 9144221112 


9*6325055|r0*0856658 $7819"9143342]'1] 
g*6322637|10*0857536|gg.19*9142464[10 
g9*6320218|r0*0858416|ge t9*g141584] 9 
g*6317799|10*0859296|2g 19" 9140704 
963153780 8601768819˙9 139824 
96312957 to 0861057 8820909138943 


98438817 2691 101561183 
98441 508 2691 10˙15 58492 
9*8444199/2690} 101553801 
q*8446889 26goþ 59155311 I 
9*8449579/2689} ©" 155942119 
98452268 10-15, 1547732 


Cotang. Dit.| Ta Tang. 


g*6310535|10*0861939'gg,19*9138061 
g9*6308112[10 88282108 883099137179 
9630 568800863704 885 99136296 
9˙6 3032640 0864587 88399135413 

63008 381t0˙ 0865470 885 99134530 
96298412 to 0866355 99133645 


* ws I un | es Wb 


pr I 


, |Verſedf. | Cofe Coſec. |D. | Sine 


"I x — — 2 


—— 
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« " — —_— TM 
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DI oe 
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35 Deg. 


a 


Selen l 


Sine 
5735704 
5738147 
5740529 
5742911 
5745292 
5747672 
5750053 
5752432 
5754811 
5757190 
5759568 
5761946 
5764323 
5766700 

5769076 
57714522 
5773827 
55762022 
5778576 


57809 50 
5783323 


5785696 
5788069 


5790440 
5792812 


rags 


5795183 
57975537 


5299923 
5802292 


28046615 


5807030 
5809 397 


5821230 
5823595 
5325959 
5828323 


38 306870 


58 33050 
5835412 
5837774 
5840136 
5842497 
58448 57 
5847217 


$349577], 
5851936 


5854294 
58 56652 


58 590 10 f. 


5861367 
5863724 
5566080 
5868435 


5870790 
815873145 
5875499], 


vot5877853 


5811765. 
58141320 
5816408, 
5818864 


Dif. Coverſ. 


2383 
2382 
2382 
2381 
2380 
2381 
2379 
2379 
2379 
2378 
2378 
2377 
2377 


2376 


2376 


2375 
2375 
2374 


2374 


2373 
2373 


te 
9 

oo 

D 


Coline 


Dif. 


[4249947 


4264236 
4261853 
1259471 
4257089 
4254708 
4252328 


4247568 
4245189 
4242810 
42404 32 
4238054 
14235677 


1*7434468 
17427229 
17419997 
17412773 
17405556 
17398347 
17391145 
17383951 
17376704 
17369585 
17362413 
17355248 
17348091 


4233300 
614239924 
4228548 
4226173 
4223798 
1221424 


4219050 


4216677 


4214304 
4211931 
4209560 


4207188 


4204817 
4202447 
4200077 
4197708 
4195339 
4192970, 
4190603 
4188235 
4185868 
4183502 
4781136 
4178770 


4176405 
4174041 
4171677 
4169313 
4166950 


4164888 


4162226 
4159864 
4157503 
4155142 
4152783 
4150423 


17340941 
17333798 
17326663 
17319535 
17312414 
1730 5301 
17298195 
17291096 
15728400 5 
17276921 
157269844 
17262774 
17255712 
17248657 
17241609 
1723458 
17227534 
177220508 
17213489 
157206477 


17192475 
17185484 
17178501 


17171525 
17164556 
1 7157594 
17150639 
(*7143691 
1*7136750[7155729 
17129817 
17122890 
17115970 
1*7109058 
(*7102152 
1709 5254 


4148064 
4145706 
4143345 
4140990 
4138633 
4136276 


4133920 
4131565 
4129210 
412685511 


17088362 
17081478 
17074601 
170677 30 
157060867 
17054010 
17047160 
17040318 
5 7033482 

7026653 
17019831 
17013016 


— — 


Dif.! Verl. 


Secant 


| Colec. | Tang. 


17199472 


NATURAL SINES, &c. 


Tab. 10 


10 


7002075 
7006411 
7010749 
701 5089 
7019430 
7023773 
7028118 


7032404 
7036813 
7041163 
7045515 
7049869 
2054224 
7058 581 
7062 940 
7067301 
7071664 
7076028 
7080395 


7954763 
7089133 
7093504 
7097878 
7102253 
7106630 


7111009 
7115390 
7119772 
7124157 
7128543 
7132931 
7137320 
7141712 
7146106 
7150501 
7154898 


2 


7163698 
7168100 
7172505 
71769111 
7181319 
7185729 
7190141 
7194554 
7198970 
7203387 
7207806 
7212227 


7216650 
7221075 
7225 502 
7229930 
72 34361 
7238793 
7243227 
7247663 
7252101 
7256540 

7260982 
Spe 0 


Cotan. 


. |Cotang. 


I 4287480 
14272642 
14263811 
1*42 54988 
1*4246171|1 
14237362 
14228 561 
14219766 
14210979 
14202200 
14193427 
14184662 


14167153 
14158409 
4149673 
14140943 
14632221 


14123500 


14114799 
14106098 
14097405 
14088718 
14080039 
14071367 
14062 702 
14054044 
14045393 
1*4036749 
14028113 
140194831 
14010860 
1*4002245 
13993636 
13935034 
13976440 
139678 52 
13959272 
13950698 
13942131 
13933571 
13925019 
1*3916473 


1*3899401 
1*3890876 
1*3882358 
13873847 
13865342 


13848353 
1*3839869 
1*3831392 
13822922 
13814458 
13806001 


13727551 
13789108 
13780672 
13772242 
l '3763819 


| Tang. 


4125 


13856844 


Secant 


122077406 
12210233 
12212723 
I bran 
1*221770 
12220204 


12225202 
12227703 
12230207 
12232713 
12235222 
12237732 
12240244 
12242758 
12245274 
172247793 
12250313 
12252836 
12255361 
12257887 
12260416 
12262947 
12265480 
12268015 


122705 52 
12273091 
12275633 
12278176 
12280722 
2283269 


12288371 
12290924 
12293480 
12296039 
12298899 


— — 


123017071 
12303725 
12306292 
12308861 
12311432 
123-4004 
12316579 
12319156 
12321736 
12324317 
1*2 326900 
1*2329486 


12332074 
12334664 
123372 56 
123398 50 
1*2 342446 


12347045 
1*235024 
1*2352852 
12355459 
1*2 358069 
1*2 360680 


12222702 


1228 581% 


12345044 


Verf. |Dit. 


18584800 
1810148 
1811818 
1813488 
1815159 
1816831 
1818 503 
18295176 
1821849 
1823524 
1825199 
1826875 
1828551 


1830228 
1831906 
833584 
1835264 
1536944 
1838624 
1840305 
1841987 
1843670 
1845353 
847037 
1848722 
8 50407 
852094 
1853780 
185 5468 
1857156 


18588450 


1860534 16 


1562225), 
1863916 


1365607| 


1863992, 


k 87 75686 


1872380 
874075 
1975771 
1877468 
1879165 


1880863 


1882561 s 


1884260 
88 5960 
1887661 
1889362 


1891064 
1892766 
1894470 
1896174 
1897878 
1899 584 
1901290 
902996 
1904704 


90641201 


1908121 
9098 30 


| Coſec. | 


Dif. 


1668 
1670 
1670 
1671 
1672 
1672 
1673 


1673 
1675 

1675 
1676 
1676 
1677 
1678 
1678 
1680 
1680 
1680 
1681 


1682 
1683 
1683 
1684 
1685 
1685 


1687 
1686 
1688 
1688 


689 
168 


1691 


160 


Cover{.lDif. 


6925134393 
1867299 11 
58131008024 


812931402 


8825 35 


Coſine 


819152 
878985 2 
2188182 
8186512 
8184841 
8183169 
8181497 
3179824 
8178151 
8176476 
8174801 
8173125 


8169772 


8171449 


9.60 
594 
2058 
57 
56 
55 
54 


53 
52 


8168094 
8666416 
8164736 
8163056 
8161376 


8159695 
8158013 
5156330 
8154647 
8152963 
8151278 


8749593 
8147906 
8146220 
8144532 
8142844 
98485 
"\$1 39466 
(813777: 
8136084 


8127620 
8123925 
8 124229 
8122532 


8119137 
5117439 


8115740 
8114040 


8108930 
8107234 
8105530 
8103826 
8102122 
8100416 


8098710 
8097004 


83112339 
8110538 


19 


— 


| © = AT OTA PIE 


— 


— A 


* 


3 


6ꝙ— — — —.—ꝙtͤ 


— 


Los. Six Es, &c. 


(319) 


0 7 999 2 
92596 EE 

77598575 15 
9.76003 1 a 
7602 100 X 
7603899] 
7650 . 
1257483 
9757609274 
49'7611063 , 
59˙7612851 
997614638 
197616424 
4618208 


9977579992 
597621775 
9˙7623550 
97925337], 
$9*7627116 
497628394 
197630671], 
197632447], 
197634222 
9.735996 
197637769 
2.539540 


2406879 
240508 5 


Coſec. Verſedl. 


102414087 
10*2412283 
10*2410481 
10*2408679 
10* 
to: 
102403282 


92573136 
92577142 
92581145 
92585147 


92593144 
92597140 


10* 
10* 
to: 
to: 
102394308 
10˙ 2392517 


2401485 
2399689 
2397894 
2396101 


92601133 
9260512509 
92609114 
9˙2613102 
9˙ 2617087 
9˙ 262107 


9*2589 14719 


ang. 


9*8452268 1 


98454956 
9 8457644 
9 8460332 


98465705 


9 * 495 
+7 3700 
918 


98479127 
98481810 


98484492 


10*2 390720 
10˙2388937 
to 2387149 
10˙2385 362 
10*2283576 
10*2381792 


9*2025052 
92629032 
92633009 
9263698 5 
92640958 


10* 2 380008 
10˙2378225 
10*2370444 
10*2374663 
10*2372884 
o 


2371106 


92644029 
92648899 
92652866 
92656832 
92660795 


92664757 
9˙ 2668716 


98487174 
9 8489855 
98492536 
978495216 


98503253 
98505931 
9˙8 508608 


98513951 
98516637 


2369329 
2367553 
2365778 
2364004 
10*236223119 
10*2 360460 


9*2676629 
9*2680583 


92672674 


98519312 
978521987 


92684534 


9˙8527335 


26884849 ˙8 5 30008 


22592431 


9˙8532680 


9˙7041311 , 
297643080 
19'7644349 
497646616 
5197048382 
1197051911 
9˙7653674 
197655436 
97657199], 
9.658957 
92660715 
7775 
19 ˙7664229 
197665985 
7667739 
9.769492 
9 17671244; 
7572996 
ae. 
77658242 
19 7679989 I 
$9" 76817 35 
— 
9˙7683480 
(9765223 
97686 966 
7 7635700 
ee 
410 
1692187 


102358689 
10˙2356920 
1072355151 
10*2353354 
10*2351618]9 


92696377 
92700321 
92704262 
9 2708202 

9*2712140 


9 8535352 
9. 8538023 
9 8540694 


9. 85433552 


98546034 
98548704 


21[10*234985 
4 349853 


10˙2 348089 


10*2346326, 
10*2344564 


10*2342803 
10˙2341043 


10*2339285 


9*2716075 


9 2723941 
92727871 


92735725 
92739649 


1072337527 
10˙2335771 
10˙233401 5 
10*2332261 
10*2330508 


10*2328756 


9*2743571 
9*2747491 


92751492919" 


92755325 
92763151 


10˙2327004 
10˙232 5254 


10*2323506 
10*2321758 
I0*23200I1 
r0*2318265 


9*2767062 
92770970 


9*2778781 
9.278268 3 


10*2316520 
102314777 
1072313034 
1972311293 


10˙23095 52 
10˙23078 13 


| Coline 


Dif. Secant 


92790483 
92794380 
92798274 
9 28021670 
92806058 


9˙ 2809947 


Coverſ. 


97273179909 


9275923997 


927748769 


2228555840 


9272009909785 


98580604 


98583357 
98586019 


98591341 
98594002 
3596661 


98599321 
98601980 
9*8604636 

8607296 
93609954 
9˙ 8612610 


—. 


84630185 


98468390 a 


476444], 


9 8497896 
98500575 


9851128 5/5 


98524661 


8588680. 


Dif, 


Cotang. 


Coverſ. 


1071547732 
101545044 
10˙15423 56 
101539608 
10˙1536982 
10˙ 1534295 
ro*I531610 


10*1528925 
10*1526240 
[0*I523556 
[o0*I520873 
lo0*1518190 
Io*I515508 


96295985 
95293557 
96291128 
9˙6288698 
96286267 
2628 6283836 

96281403 
9˙6278970 
9*6276536 
9*6274101 
9*6271665 


10*I512820 
10*I5I0145 
10˙1 507464 
10˙ 1504784 
10*I502104 


956266791 
96264352 
9*6261913 
96259473 
976257031 


21499425 
19*1496747 
10*1494069 
101491392 
10148871 5 
101486039 
101483363 


96252147 
955249703 
96247258 
9•62448 13 
9˙6242367 
26239919 


Secant 


9 6298412 


9•6269228 


285254589 


tro0*0866355 
10*086724c 
ro*o868125 
10*0869011 


10˙0869898 


10˙087078 5 
100871672 


10*0872 560 


10*087 3449 
10˙0874338 
100875228 


10˙0876118 8 
l0*0877009 


10˙0877901 


100878793 s 
10087968 5 2 
I0*0880578 

10*0881472 
10*0882 366 


10˙ 0883261 


1070884156 
10088 5052 
107088 5949 


r0*0886845 


r0*0887743 


10*1480688 
10*1478013 
10 1475339 
10*1472665 
"110* 1469992 
10*1467320 


90237471 
9*6235022 
9*6232573 
9*6230122 
9*6227670 
96225218 


101464648 
101461977 
0 1459306 
10145603 5 


101453966 
101451296 


101448628 
1071445959 
101443292 
g119* 1440624 
10*1437958 
10*1435292 


10*1432626 
Y 101429961 
101427296 
1051424632 
5 10*1421969 
1051419306 


9*6222765 
9*6220311 
9*6217855 
9*6215400 


9 6212943 
19*6210485 


9*6205026 
9*6205567 
9*6203107 
9*620064 5 
9*6198183 
9*6195720 


9*6193256 
96190792 
9˙6188326 
9˙618 5860 


96183392 


10* 
10 
0” 
IO* 
10” 
ro* 


1416643 
1413981 
1411320 
1408659 
1405998 
1403339 


956178455 
96175985 
956173514 
9*6171042 
9*6163569 
9*6166096 


10*088864 1 


10*0889540 
10*0890439 


10*0891339 
10*0892239 


10*0893140 


10*0894041 
100394943 
to*o895845 
10˙0896749 
10*0897652 
ro*0898556 


10*0899461 
10*0900366 
I0*0901272 
10*0902179 
10*090308$ 5 


10· 090399300 


96180924 


10*0904901 
10095810 
100906719 
1050907629 
1070908 539 
10*09094 50 


10*09103Þ61 
10˙0911273 
10˙0912186 


10*091 3099? 


10*09140I2 


10*0914927]? 


10 


1400679 
10˙1 398020 
1051395362 
1051392704 
101390040 
101387390 


96163621 
9*6161146 
g*6158669 
9*6156192 
956183714 


Tan g. 


956151235 


L0*09 15841 


10*0916757]? 
10˙ 0917673 9 


10*0918589 


10*0919500| 
[0*0920424|] 


119*9129215 


9199126551 
919*9125662 
(1991247725 


n 99122991 


92834 
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12102252 
152095085 


| 


{ 


12962779 
12965890 
12969004 
12972121 
12975240 
1297836 


| 
1*2080767) 
12073615 
120664681 ˙2987743 


1298145712 
12984614 


12059327 12990876 
129521991˙2994011 


— — — — — — 
0 
O 
to 
ad 
SS 
\S 
Ws 


20023731 3016028 


11995270 
11938184 
1981097 
11974015 
11966938 
11959806 


13019184 2319027 
13022343 2320890ʃ186 
1*3025504(2322754. 196 
t*392866712 324618\ 2, 7675382 
1.30318342320483 865767357 
I *3ZO3309Z1(2 323345; 1363/7297 1652 


1848 7723642134 
1849719945032 


£ 771254428 


27 
5317708840 260 
4770698625 


777856 770142322 


857 . 
769585319 
1857569399618 


559 
357690278 16 


768469713 
2317165 00217682335 [2 


5 
18637589973 11 


1952799 
1945736 
1938679 


1 
[ 
11931626 
i 
1 


1*303$175}2330215|.« , 
[*30413492332082| 06 
3044526 2333949 
13047706 2335817 
19245791 3050388 2337686 
"1917536{1*3954973 2339556| 44 
Tang. Coſec. Coverſ. Dif.] Sine 


7679110110, 
7677246} 9 

3} 

7 

6 

7669785] 5 
7667915] 4 
7666051 3 
. 5664183 2 
+ 917662314] 1 
121917660444 * 
I \ 


39 Deg. Nervs Sings, &c. Tab. 10 
Sine |Dit.|Coverſ\.} Coſec. Tang. | Cotang. | Secant Dit. Coline H 
"0(6293204 3706796[1* $Y097840}1*234897211*2867596 $31 5 60 
116295464 260 3704 5 3601 $102658|1*2341629 1*2870628 1832 7799 29]59 
26297724 37022761 $10747811*2334292{1287 3663 1832 77097797158 
36299983 370001711 $112300[1*2326961|1"2876700 1833 7765965157 
406302242 28036977581 $117 12412319634 12879745 1834 7704132 56 
51639453921, 2813695 500þ1 8121951}1"2312313]12552752 1834 7762298055 
616306758 _ 369324201 312678011 ˙2 304997 12885827 1835 7250404054 
7 6309015, 36909851 8x31611%412297087 1*2888875 1835 775862953 
816311272 „55 4368872811 8136444/1 229038 [12891925 1837 7756794052 
9463135285 3686472017 81412801 ˙2283081 12894977 1836 1754957151 
6315784 22236842161 $146118|1*2275786|1"25898032 1838 7753121050 
6318039, 8 368196101 81509 5815226849601 2901090 1838 7751283 49] 
6320293 2254, 36797071 87158801 226211 12904150 1839 7749445 48 
6322547, 3677453" $160646|1*2253932|1"*2907213 183917 747920147 
5324800 36752 81654930/1 224665801 2910278 1841 7745767146 
6327053 ,,-213672947)t" 817034361 223 9389012913346 1840 7743926 45 
6329306 22136706941” 8175195[1*2232125]1"2916416 1842 7742086144 
633155702222 3668443793982 8180049 12224866061 2919489 1842 77409244143]. 
6333829222 z666191|1*5788289|8184905 12217613 12922 564 7738402 42 
6336059 360394111" $189764|1*2210364\1*2925642 18430773559 41 
65338310 366169011 $194625]1"2203121|1*292872 3 1844 7734716140 
6340559774 365944111" 5994881219588 3172931806 $44/7732872/30 
6342808 365719217 82043 541 ˙2188650ʃ1˙2934892 5731276 
534557 2248 365494301 8209222 ("2181422 172937980 1846 7729182137 
6347305 365269511" $214093]1'2174199|1 2941071 1847]222233 3 


7725489033 
7721794633 


77180961031 
7716246 30 


7714395297 


7710692 


7795132124] 
770 3278023 


7699567 ·K1 
7697710120 


7692137117] 


Om - Fw 


y— 


r 


n.. Ate. 


Pegs 59 


F —DT—— 


Deg» 


—_— 


Loc. Sixxs, &c. 


(327) 


vine 
7088718 
7990278 
799 1836 
7993394 
7994951 
(7996 507 
7998062 
1 


3004272 


8007372 


3913561 
801506 
3076649 


519735 
8521276 
3522816 


oz ꝛ cell 
g 9243 55 1 


502 5894 


I 
779996 16 
3001169 
8002721 ˖ 


905823 


\ [I 
$008921 n 
8010468 
=; 
5012 
5012015 


5518192 


Dif. Coſec. 


Verſedf. 


102011282 
to 2009722 
10˙2008 164 
to 2006606 
to: 2005049 
1072003493 
02001938 


99083692 
99086275 
990888 58 
9 909 440 
99094022 
99096603 
2228 


93480205 
93483772 
93487337 
9* 3490900 
93494462 
93498022 
93501880 


o 2000384 
101998831 
1071997279 
101995728 
101994177 
101992628 


93505137 
93508692 
93512246 
93515798 
93519348 
93522897 


99104347 
9 9106927 
9 9109507 
99112087 


10199079 
101989532 
101987985 
101986439 
10198489 
101983351 


93526444 
93529989 
9 3533533 
9*3537075 
93540615 
9 3544154 


99117245 
99119824 
99122403 
9*9124981 
99127559 
99130137 


5027431 
oz 8968 
13030504 
9032038 
933522 
9035105 


15030637 
938168 
3239699 
341228 
747 
30. 43284 
45571 
30473 36 
948861 
905038 J 
9251908 
053430 
55495 1 
956472 


595 10 
7061027 
%62544 
964060 
996557 5 
507089 
9068602 


_— 


bd BUD. ft. ib AO e_ 


\ 


[393799 I 


une (Dif, 


1981808 
1980265 
1978724 
1977184 
1975645 
1974106 


93547691 
9*3551227 
9*3554761 
93558293 
93561824 
93865353 


99135291 
99137868 
99140444 


99145596 


10 


1972569 
1971032 
1969496 
967962 
1906428 
101964895 


93568880 
93572400 
93575930 
93579453 
93582974 
93556494 


99148171 


99155896 
9915847 
9916045 


7110 


i 101963363 
: 10*1961832 
10*1960301 
1958772 
1957243 
"1955710 


93590011 
9*3593528 
93597042 
9*3600555 
g*3604.067 
9*3607576 


9*9166192 


99173911 
99176483 


Lok 


1954189 
1952664 
1951139 
1949615 
1948092 
1.194657 
1071945049 
1943528 
1942009 
1940490 
1938973 
'1937450 


93611884 
9 3614591 
93618996 
93621599 
9362510. 
93628601 


99179055 


9 9189340 
9 9191911 


9363210 
93635597 
93539092 
93642586 
93646979 
93649569 


99197051 


29207329 


510“ 


Sccaut 


1935940 
1934425 
1932911 
1931398 
1929886 
1928374 
1926864 
1925354 
10˙1923846 
1051922338 
10˙1920831 
101919325 


93653058 
93656545 
9˙3660032 
93663516 
9* 3666999 
9*3670480! 


93673959 
93677437 
93680914 
93684389 


99212466 
99215034 


992201780 


99227871 
99230437 
99233004 
1*3687386219*9235570 
9*3691334[9*9233135 


Tang. | 


99101766 


99114666 


2 
99132714 


991430 


99180747 
991833220 


9*9163618 5 


99168765 2 
99171338 


991816277 
99184198 
99186769 


991944810 
29199621 
99202191½ 


99204760 


2 
99209898. 


9 9217602. 


959222737] 
aero 
9*9225304|, 


Dit.' 


Cotang. 


Coverſ. 


2583 
2583 
2582 
2582 
2581 
2582 
2581 
2581 
2 580 
2 580 
2 580 
2579 


2579 
2579 
"ITY 
2578 


| 


2578 


2578 


10*0916308 
(0*0913725 
[0*0911142 
t0*0908 560 
10*0905978 


1070903397 
10*090081 5 


95689987 
95687338 
95684688 
95682037 
95679385 
95676732 
95674078 


Secant 


Coſine 


1071095997 
10*1097021 


[0*1099071 
I0*1100097 
Io*ITOIN27 


1001094974], 


10*1098046] 


t0*08982 34 


100895653 
1050893073 
100890493 
100887913 


10*0885334 


95671423 
95668766 
95666109 
95663451 
95669792 
95658132 


| 


10*:882755 
10*0880176 
t10*0877597 
r0*087 5019 
100872441 
t0*0869863 


955655471 
9 5652809 
95650146 
95647482 
95644817 
25642151 


100867286 
100864709 
6110*0362132 
10*0859556 
10*08 56980 
10*08 534404 


9 5039454 
9*5636816 
9 5034147 
9*5031477 
9*5625806 
9*59261 34 


| 


1003851829 
100849253 
100846678 
105084404 
100841529 
ro o8 38955 


955623401 
955629787 
95618112 
9*5615436 
955612759 
2 5610080 


101103178 
I0'1105235 


10*1107294 


101108325 
101109356 


101112453 
1071113487 


1or11021 50 
10*I1104206], 


10*1106264|, 


I0*1T10388]. 
1071111420 


101114521 
tor1115556 
1051116592 
101117628 
101118665 
101119702 


10" 
10” 
[0* 
19* 
10 
12 


1121779 
1122818 


1123858 
1124898 
1125939 


1120740 


100836382 
10˙083 3808 
100831235 
1850828662 
10 0826089 
100823517 


95607401 
95604721 
95602040 
95599358 
955596675 
95593991 


1050820945 
10*0818373 
10*081 5802 


10˙0813231 


19*08 10660 
10 988089 


95591305 
95588619 
95585932 
95583244 
95580555 


10*0805519 
r0*0802949 
10*0820379 
10*0797309 
10*0795240 


10*0792671 


10˙ 
o 
10” 
1071130110 
1071131154 
10716132199 


1126981 
1128023 


1071134290 
1071135337 


1011363841 


10˙1137432 


1129066 


1017332440“ 


10113848 


9 
9 
9 
9 
9 
9 
9 


8905026 
8904003 


"8900929 


80 
59 
58 
57 


3902979 
8907954 


8899903 
8898877 


98897850 


9 


9 
g* 
g* 
[9 
9 
g* 
9*8889612 
9 

9 
9 


8892706 


8896822 


3895794 
8894765 
8893736 


8891675 
8890644 


3888 580 


8887547 
8886513 


9 


9˙888 


9 
9 
9 


E 
9*8879260 


9 
9 
9 
9 
9 


8885479 


8883408 
8832372 
88813350 
8880298 


8878221 
8877182 
8876142 
8875 102 
8874061 


9 
9 
9 
9 
9 
9 


8873019 
8871977 
8870934 
8869890 
8868846 
8867801 


— 264 
95575173 
95572481 
95569787 
9 5567093 
95564398 
958561701 


2 


100790102 
100787534 
100784966 
100782398 
100779830 


10*0777263 


95559004 
95556306 
9*5553606 
9*5550906 
9*5545204 
95545502 


10.774696 
10*0772129 


10*0769503 


100766996 
1050764430 


10*0761805 


01139530 
101140580 
101141630 
101142681 
1071143733 


101144730 


10 
10 
10* 
ro* 


1147945 
1149000 
1150055 


101145838 - 
8.468910 


i 
1151111 


; 


95542798 
955540094 
95537388 
95534681 
95531974 
95529265 


Coverl. | Co 


tang. 


Dit. 


Lang. 


101152168 
101153225 
to 1154283 
19˙•1155341 
101156401 
101157460 


Verſedl. 


9 
9 


. 
A 
4 
. 
98855215 


8865710 
98864662 
g* 

g* 
g* 


9 


8866756 


8863616 
8882 568 
8861519 
8860470 
8859420 
88 58370 
5857319 
88 56267 


9" 
g* 
19” 

g* 


g* 
9˙8848889 
95 

5845775 


9 


8854162 
8853109 
8852055 
$$5 ro00 
35 499-45 


—  ———— 


8847832 


— — 


1 


Coſec. 


Dif. 


| >lo = » w +. wml&w wo 


ö 


— — w 


—— 0 


—— All. At 


a 
2 
wo 

O 


— 


24 
'S 
A 
73 


NATURAL SiNEsS, &c. 


Tab. 10 


| Sine Dif. Coverſ. Tang. |Cotang. | Secant | Verſ. Di .[Cofine | 
'O 6427070 3572124|1*5557235 1*1917536(1*3054073]2339556| 750444 0 
116430104 3569896[1*5551848|8 t1*1910498|1*305726112341426 18507658 574.59 
2 6432332 3567668[1*554646218 ${1*1903465|1*3060451|2343296 7656704058 
319434559 3565441]1"5541081 118964 37|1*3063644|2345168| 7654832157 
4436785 356321517553 5706 1188941430663 39% 3470408 7652960.56 
564390110 5609891 5530335 1188239501 ˙3070038 2348913 7651087055 
Er $520970 739% 1258854264224 
716443461 3556539|1*5519610 1*1868373/1*3076442|2352660 8 7647340153 
816445655 3554315|1*5514254 1*1861369|1*3979649|2354535 7645465052 
919447909 3552091|T*5508904 [*1854370|1*30825859|2356410 764359051 
1006450132 3549868155035 58 1184737601 3086069 2358286 b 7641714150 
116645235 5 35476451 5498218 oj 1 *1840387|1*3089284{\2360162| 0 *,17639838149 
12 6454577ʃ2 354542 3(1*5492882 1*1833402[1*3092 50112362040 7637960148 
1316456798 3543202|1*5487552 3]11*1826422[1*3095720[2363918 7636082147 
1446459019 354098101 ˙5482226ʃ08 118 1944713098943 2365796 x 7634204146 
1506461240 35387601 5476906 511181247713 02168 2367675 ; 7632325045 
1606463460 3536 540015471590 [*1805512]1*3105396[2369355|, 7630445144 
1716465679 3534321|1*5456280 711*1798551]1*;108626|[2371436 7628 56443 
1806467898 33210201 5460974 1179169 5[1˙ 3111868237337 7626683042 
196470116 3529884 I 5 117846441 31150950 2375198 702480241 
2016472334 3527666|1*5450378\8499624[1*1777698|1*3118334|2377081| .,*[7622919140 
2116474551 352 5449|1*5445087/8495631]1*1770736{1*312157512378964 762 1036039 
2216476767 $3523233j1 *5439501|8500640 1*176382-:|1*3124$20|2 380848 + 7619152138 
2316478984 35210160155434520.8 50565301 ˙17568881˙3 1280662382732 7617268137 
2446481199 381880171429244 8510667 1*1749960}1*3131316 233846171 22217615383/36 
2510483414 351658611"54239738515684/1*1743038|1*3134565|2386503 [7013497135 
260648 5628 35143721 ˙5418706 173612001 ˙3137823 2388385 761161114 
2716487842 3512158j1*5413445) *1729207;1*3141081 2390276}. 155776097 2433 
28 [0490056 3509944| 1 '5428189;$53075c "(72229817 3144341|2392i63 17607837132 
29/6492268|,, 1,13507732|1*5492937[8535777[1"1715395j13147604 2394051], 7605945131 
30% 04480 505 5201539769018 540807 *1708496i1"31 31 50870 2395940} * 7 604060, 30 
31 6496692 3593308}1*5392449; *1701601;1*3154139;23978 z; 2 7602170029 
326498903 3501097|1*5387212 1*1694712j1*3157410|2 3997 2c 76002801283} 
336501114 349888661538 1980 1 1687827/˖˙3 60684 5 7598389027 
3465033242 3496676153767 5285 50116809471 316396102403 5021. 7596498026 
356 505533 3494467|1*537153c15 1 *167407111*3167240|2405 394 ; 75946061[25| 
3616507742 2200|3492258j1*5306313S5 1*1667200}1*3170523|[24072837| 7217592713124 
37 6509951 34900491 5361100 1*1660334|1*3173808[2409 180 755082023 
386512158 3438784211*5355892185 1*1653472[1*3177996|241 1074 758892622] 
| 39 6514366 3485634[1*5350589 1*1646615{1*31$0336|2412969| 7587031021 
„61348 3428153454918 t*1639763]1*31$3680| 2414864 7585136|20| 
3451222[1*5340297|<5 116329161˙31869 762416765 75832400719 
3$479016{1*5335109 116260 3j1*319027412415657 ; 2717581343115 
(347681111 539925|8606419,1-1619234/1*31935762420554), « 4/7579446|17) 
-13474606|1*5324746(8611484/1*1612400|1*3196881|2422452 7577845 16 
347240281 5319572861655 0116055711 ˙3200188024243 50 a 7575050015 
3470199]1*5 314403 2101˙1598747/1˙320349802426240% 7573751014 
65 32004½20234679961˙5 309238 11591927 132068 122428 149757185115 
4816534206 346579401 5304078 "L 1*1585112 1*3210126|2430049 7569951112 
4919536408 3403592[1*5298923 1*1578301j1*3213444/243195* 7568059111 
38609 3451395293773 *1571495|1*3216765|2423852 7 566148|10 
5540810 3459190[t*$285627| '1564693|1*3220089[2435754| 2-17 504240} 9 
43010 34569901 5283487 2557896 322341602437657 ; 7562343 | 
319545209 34547911" 5275351 '1551104|1*3226745[2439561 7560439] 7 
5416547408 $43259211*52732198 *1544316|1*3230078}244146«5 7558535]_* 
5516549607 3452393|1*5268093|5 "1537532|1"323341312442370 7556630] 5 
5616551804 34481961|1*5262971 1.453754 1 3236750244527 75547244 
5710554002 3445998]1*5257854 '1523979}1"324909112447 182 5528803 
5816556198 34438-2|1"5252741|868265911*1517210/\1"3243435|2449089\ 9717550911] 2 
5916558395 34416051" 5247634|3687762/1"1510445|1*324678112450996| - 17549004] * 
606 560 590 _**13429410|1* 5242531 Rene [*1503084/1*3250130|2452904 7547090 2 
f Verſ. | Secant Tang. Colec. Coverſ. Dif Sine 


T_T 6 


— CE I 


Peg: 49 


—\'S | 


S 2 — © | 


C5 SS CI 


— 


* 


» +» *S *% » * te * 12 * Ly 2 = * oy 5 2 - 
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| 


— 


5 zo Deg. 


E 9 758580675 


898 — 


S — 


OQ vw OOO 


£19312 5444] 


1319*812987$ 


29 ˙8143131 


Oy 257228 


ä — 8 


—— 


"RA Sic ns, &c. 


Sine 


—_ 


418082180 
8 
9˙808518 
98086690 
13088792 
8089692 
95091192“ 
˙809269 1 
98094189 


98097182 
9˙8098678 


39 ˙8 100172 
9˙8101666 
958103159 
9 ˙8 046 50 
98106141 


98109121 


98113583 
98115069 
„8116554 


98118038 
9811952101 
„812 1003 
98122484 
98123965 


98126923 
98128401 


5131354 
98132829 
8134303 
6˙8135777 
981372 50 
98138721 
9 ˙8140192 
98141662 


0 ˙8 14460 
9˙8146067 
8147534 
„5148999 
9.8150464 


9.153391 
9.853854 
9815631 
818777 
3981592 35 
18160694 
78162152 
95163609 
9810 50 66 
) 98166; 521 
, „5467975 
2255169429 
— — 


J 809 5686 g 


98107631 * 


0 9˙81 10609 
9˙8 112096 


"Colec. 


10*1919325 


10*1917820 


10519163169 
101914812 


101913310 


to 191 1808 
10190308 


93691334 
9*3694504 

3698272 
93701739 
93705205 
93708669 
237127131 


10 1908808 
to 1907 309 
101905811 
1071904314 


6 101902818 
101901322 


93715592 
93719051 
93722508 
93725965 
9 3729419 
903732872 


10*1899828 


r10*1898334 


10*1396841 
10*1895350 
10*1893859 
101892369 


93736323 
93739773 
993743221 
93746668 
93750113 
9*3753557 


10*1890879 
10*1889291 
101887904 
101886417 
ie 
tor 1883446 


g 


93760440 
93763879 
93767316 
95 (37797 52 

93774156 


1483 
1482 
1481 
1481 
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37956655056 729433 4514171920 9959358170408 07 4113427291454 20531905451 7 
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7060776, .|2939224{1*416274919970953[1*0029131}1"4121612 2918055 930 7081345 5. 
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Coſinc Dif.] Verf. Secant Cotan. Tang. (Coſec. Coverſ. Dif.! Sine E 


— ——— 


6 — — —— 


eee 


n — — 


ö 
0 
l 
5 
ö 
0 


x 


, 


[ 


. 
* 


13469436 


2474543 


21227-11303 


193434055 
$9'3$435953 
5984372 50 
99.8438 547 
6˙8430842 
98441137 
98442432 


98452758 


9˙8 


5495599 
93456879 


Los. SINEs, Tc. 


(337) 


Dif, 
1308 
1307 
1306 
f 30 5 
1305 
t 304 


1303 
1302 
1301 
1300 
. 
1299 


Coſec. |Verſedl, 
to- 158228709 4431808 
10˙1580979 94484934 
10· 157967209 4488059 
10: 1578 36694491183 
10 157706109 ˙4494305 
an 9 4497426 
10. 1574452 9*4500546 
10*157314919*4593664 
10*1571846]9*4506781 
10*1570544]9 4509897 
10*156924319'4513011 
r0*156794319*4516124; 
10*1566644}9*45192 36 


1298 
1297 
1297 
129 5 
1295 
1295 


10˙156 5345/4522346 
10.1564047 9,4525456 
1015627509 4528 564 
10˙156145309 453167 
10515691589 ˙4534776 
10˙15588639 4537889 


1293 


9844372501293 


98445018 
93446310 
98447601 
98448891 


1291 
1290 


1292 


10,1557 56894540982 
10˙155627 5094544084 
10˙ 155498209 4547184 
10˙1 5536909485083 
10˙15523999 4553380 
10˙1551 10994556477 


1290 
1289 
1288 
1287 
1287 
1286 
128 5 
1285 
1283 
1283 
1282 
1282 
1281 


12830 
1279 
1278 
127 

1277 
1276 
1276 
1274 
1274 
1274 
1272 
1272 


1271 
[270 
1270 
1209 


98450181 
„8451470 


454045 
9 8455332 
98456618 
95457903 
93459188 
9'84604.7 1 
98461754 
830 3036 
34643 18 


13468158 


934707 14 
21091 
—*8473267 


8475817 
18477091 
8478 365 
3479637 
6.540909 
98482 180 
92453450 
8484720 
9.548 5989 


10˙15498 199 ˙45 8957 
101548 530 
105154724 
071545955 
10˙1 544668 
101543382 


94565758 
9 4568849 
94571939 
945278027 


Tang. 
y* 9845372 


99873651 


9˙9883761 
9*9886289 
949883816 


99893871 


99901453 
99903981 


9 9911562 


94562665 9974089 
99916610 


99919143 


9'9924197 


10*1542097|9*4578115 
10*I54081219*4581201 
10*1539529 94584286 
10˙1538246 94887369 
10*1536964 9459045 
101535682 94593532 
101534401 9459612 
r0*1533121 9*4599090 
I0*1531842 9*4602767 
10*1530564 9*4605543 
01529286 944608918 
10*T5238009 94611991 


9 9929251 
99931778 
979934305 
99936832 


99944413 


9*9850900 
39'9853428 
99855950 
99858484 
99861012 
22883845 
99866068 
9:9868596 
99871123 


9.976179 
9˙9878706 
99881234 


99891344 
99896399 
9*9898926 


9*9906508 
9 9999035 


9921670 


99926724 


9 9939359 
9*9941586 


9 9940940 
99949406 
99951993 
99954520 


Dif. 


2528 
2528 
2525 
2528 
2528 
2528 
2528 
2528 
£527 
2528 
2528 
2527 
2528 


2528 
2527 
2528 
2527 
2528 
2527 
2527 
2528 
2327 
2527 
2527 
2527 
2527 
2527 
2527 
2527 
2527 
2527 
2527 
2527 
2527 
2527 
2527 
2527 
2527 
2526 
2527 
2527 


Io 1526733 9˙4615063 
10*1525457 94618134 
10*1524183 94021203 
10*1522909 9*4024271 
ro*r521635:9*4627338 
10*15$20363'9*4630404 
10151909 094533408 
1051517820 9˙4636531 
101510550 9:4939593 
10*1515250 94642654 
10*1514011 9*464571 


9*9957047 
99959573 
99962 100 
99964627 
99967154 
9996968 
99972207 
39974734 
99977260 
9 9979787 
99982314 


2527 
2526 
2527 
2527 
527 
2526 
2527 
2327 
2526 
2527 
2527 


Cotang. 


Coverſ. 


Io*OI5;I628 
[0*0149100 
ro*0146572 


[00144044 


1070141516 
to:o138988 
1050136460 


10˙013 3932 
ro*OT 31404 
10*0128877 


10 0126349 


10˙0123821 
100121294 


94847860 
94844883 
94841905 
94838920 
9483 5946 
94832964 
54829981 


Secant 


101430659 


101431879 
101433 ro 


1001434322], 


(01435545 


10*1436768 A 


101437992 


94826997 
94824012 
754821026 
94818938 
9*4815049 
9*4812059 


2527 


100118766 
100116239 
100113711 
100111184 
100108656 
10*0106129 


9*48090b8 
94806075 
94803082 
94800087 
94797091 
9 4794993 


Io*:T103601 
I0*0101074 
r10*0098 547 
10*0096019 
1070093492 


r0*009096 5 


10*0088438 
Io0*0085911 
10*0083 384 
10*00808 57 


10*0078330 


I0*007 5803 


I0*007 3276 


10*0070749 
[0*006822.2 


ro*0c65695 


10*0063168 
10 0062641 


94791095 


9478 5094 
94782092 
94779088 
94776083 


94773078 
9 47700 o 
94767062 
94764052 
9˙ 4761042 
94758030 
94755016 
9*47 $2002 
94748986 
94745969 
94742951 
94739932 


101439216 


051440442 
101441668 
101442894 
ro: 
ro: 


1444122], 
1445350 


ro- 
ro- 
10* 
ro- 
10451501 
4452734 


1447808 


1440 579]; 


449039 
1450270], 


I10*1455201 


10*1457671 


10*1458907] 


101460144 


l 

1001453967 
9*4788095| ; 
1071456436, 


101461381 : 


10*1462619 


10*1463859| 


1071465098 
101466338 
101467579 


101468821 
101470064 
101471307 


10˙ 14725510 
10*1473796| 


10*147 5041 


] 


10*0058114 
10*0055 587 
I0*0053060 
I0*0050534 
10*0048007 
10*004 5480 


10*0042953 
10*0040427 
10*0037 900 
100035373 
10˙0032840 
1050030320 


10 0027793 
10˙ 9025266 
1050022740 
loo ot; 
1050017686 


94736911 
94733889 
9*47 39866 
9*4727841 
9*4724316 
9*4721789 
5471876 
94715732 
94712701 
94709669 
94706630 
94703612 
94700566 
94097530 
94694492 
94691452 
9408841 - 


1001476287] 


1071477534 
101478782 
101480030 


10*1481279 : 


101482529 


101483780 
10˙148 503 
10˙1486283 


101487335. 
to 1488789 4 


IO I490C4? 


10*1491295 : 
[0 1492354], 
10 14938 10 ; 


[0*I495097 


| Coline 


9*8<693a1 
9˙8 568121 


9*8563232 
9˙8 862008 


98559558 


9 8549730 
55548499 
9838547206 
98546033 
95544799 
98543564 
98542329 
98541093 
288539850 
98538619 
98537381 
98536142 
98534902 
98533662 
28532421 


93531179 
98529936 


98527449 
98526204 


98523713 


9˙8 522400 


98521218 
975519970 
98518721 
2881742. 
5 8516220 
98514969 


95512465 
9* 8511211 


98307440 
98500190 
98504933 


9˙8 5669 05 
9856 5678 
9.564455 


98550784 


98528693 


882408 
g 574959124 


985137171 


9*8509957|12. 
-19*8 503702 


11 


101496325 
101497583 
101498843 
01580123). 
10.150 133% 
101502625 
tor 1503887 
19*1505:3- 


Colec. 


1268 
1267 


1267 
1266 
1265 
1264 
1264 


3487257 
99458524 
5489791 
6540 1057 
at 88e 
„5493586 
4948 50 


Colne Dif. 


2520 
2527 
2526 
2527 
2527 
2525 
2527 


10'1512743 9'4048771 
101511476 9*46518.8 
10*1510209 9*465488 
101508943 94657928 
12*1597978 9*4660991 
10*1506414 9*466404 3 
[0*1 505150 9466709 

decant | Coverſ. 


9*9984847 10*0015160 


9998730 
99989892 
9992420 
3994947 


19197473 
t *COODOOO 


Cotang. 


9 *408 5 270 
982327 
94079283 
54570237 
9467319 
94670 142 
5466 


Verſedſ. 


10˙ 9012633 
ooo 
*0007 580 
odo 5053 
10*0002527 
1 O* OQOOCOC 


Dit.) Lang. 
U u 


» wav lo on © 


g* ; 
* 9.8497375 


| [98494850 
Sine 


Deg. 45 


2. , 


Þ—_— — . K 


—_— | - 
D1FFERENCE oF LAT. AND DEPARTURE. 


Ty 


0˙9892 
0*9877 
0*9848 
0*9816 
0*9808 
o*9781 
0*9744 
09703 
©*9700 
©*9659 
09613 
09569 
0*9503 
ost 
09455 
979415 
09397 
0˙9336 
0*9272 
,0:9239 
©*Q135 
0:9063 
©*9040 
03988 
0*3910 
0*8829 
o˙8810 
08746 
0 ˙8660 


8.8577 


| 


| 


,0*8480 
0˙8387 
o*8315 
08290 


,0*8090 
8022 
10*7986 
'©* 7880 
9.7771 


0˙7730 


7660 
107547 


0 7431 


977193 
0*7071 


jo*$572f0O 


08192 


,0*7410 
431107314 
44 
4c 
| Dep. 


1467 
1564 
1736 
1908 
1951 
2079 
02250 
92419 
0*243C 
O*2588 


, 


©*2756} 


0*290J 
"P 

o 3090 
03256 
0*3369 
0*3420 
©*3554 
0*3740 


23827111" 


0*3997 
c*4067 


* 
O 4220} 


437% 
04354 
D 4540 
24695 
©*4714 
04348 


895957 
0•6018 
0˙6157 
0˙6293 
76345 
06428 
0˙6 561 
06691 
06716 
06820 
060947 


0*707 1} 


| Lat. 


2924 


1 


Di 


' 


L -: ig - 


| 


Viſt. 4 


Tat. 


19997 
19988 
19976 
19973 
19951 
1 9924 
119904 
19890 


— 
- = * . 
+ ' 
(6. 
0 


19851 


19563 
1˙9487 


1*9225 


19021 


19805 


19784 
19754 
19696 
19633 
1*9616 


19406 
1.9401 
19319 


19139 
19126 


Dep. 
00349 
0*0698 
0*0981 
0*1047 
91395 
9˙1743 
01960 
02091 
072437 
0*2783 
972935 
0˙3129 
03473 
0*3816 
0*3902 


04499 
0˙4838 
0*4860 
o*5176 
df > 
05806 
0* 5847 
96180 
0˙6511 
056738 
9˙6840 


9˙7492 
2254 


97815 
o*S135 
08452 
oO*855g1 
08707 
2*9080 
©9359 
0˙9428 
59696 
{1 *OOOO 
1*0282 
10301 
10898 
10893 
11111 
11184 


04158 


07167] 


29995 
2*9982 
2*9904 
2 9959 
29927 
2*9886 
2*9856 
2*9836 
297706 


„ 2 * — 


— 


* 


27120 
126964 
12*6730 
26488 
26458 
26239 
25981 


2 5732 
2.5715 
25441 
25160 
124944 
2*4871 
2*4575 
. 254271 
24096 
23959 
3640 
3314 
3190 
2981 
2641 


F4 
tb t» >» t & I I t t 
% EE JB 


t- 


LAT. -- 


Dep. 
0*0524 
0*1047 
0*1472 
O"I570 
0*209J3 
o*2615 
0*2940 
0*3136 
0*3656 


2 *9708j0*4175 


0*4402 
0*4693 
0*5209 
0*5724 
. 5853 


0*9271 


0*976A/ 


1*0107 
I*0261 
10751 
11238 


1 1480 


511722 


122202 


9112679 


12327 
13151 
13620 
14084 
14142 
14544 
1.500 
155423 
155451 
15896 
16339 
1*6667 
[*6776 
1*7207 
17634 
17871 
18054 


18470 


19032 


19284 


19682 


20147 


21213 


. 


1˙8880 


20074 


250460 
20840 


Lat. 


39976 
3.9952 
3˙9945 
39903 
39848 
39807 
3.9781 
39702 
39611 


39994 


Dep. 
0*0698 


| 


0*1963 
82093 
0˙2790 
0*3486 
0*3921 
0*4181 
954875 
— 5567 


39567 
39508 
3*9392 
3*9265 
39231 
3˙9126 
38975 
38812 
38801 
38637 
3˙8450 
38278 
3*8252 
38042 
37821 
37662 
37588 
3*7 343 
37087 
35955 
36820 
36542 
36252 
36160 
35952 
35640 
35318 
3.5277 
34985 
34641 


34287 
33922 
33547 
33259 
33162 
32766 
3˙2361 
32128 
31945 


0 


3˙1086 
39920 
30642 
3˙0188 


29638 


ö 


2˙9726 
4.8554 
123774 
2 3284 


Dep. 


055869 
0.6257 
0*6946 
0*7632 


0*8316 
0*3998 
0*9677 
979719 
10353 
1102 5 
11611 
11695 
12361 
13023 
13476 
13681 
14335 


14984 


15307 
15629 
16269 
16905 
17102 
12535 
18160 
18779 
188 50 
19392 


270000 


3430902 0564 


20602 
2.1197 
21786 
22223 
2 2368 
22943 
23511 
2 3828 
2.4073 


3152004626 


25173 
2.5376 
2.5712 
2 6242 


26862 


01396 


07804 


2 6765035 


27280 
27786 
28284 


4*9992 


49940 
49931 
49879 
4*9810 
49759 
49726 
49627 
14.9513 
49459 
49334 
49240 
4˙9081 
4*9039 
4.8907 
48718 
4˙8515 
4˙8 502 
4˙8296 
4*8063 
47847 
147815 
47553 
47276 
47077 
4.6985 
4˙6679 
4˙6359 
46194 
46025 
45677 
45315 
45199 
4.4940 
44550 
44147 
4.4096 
43731 
4330 
4*2886 
4*2858 
4*2402 
41934 
4.1573 
4.1452 
4.0958 
40451 
4*0160 
3*9932 
3*9401 
3˙88 57 
386 5c 
3˙8302 
3*7730 


499700" 


007337 
0*7822 
0*8682 
09540 
09754 
1*0396 
151248 
12096 
12149 
12941 
13782 
14514 
1.559 
1 $451 
16278 
16844 
17101 
17918 
18730 


19537 
250337 
21131 
2˙1378 
21919 
22699 
23474 
2˙3570 
24240 
2 Fᷣo oO 
2 5705 
25752 
2*6496 
2*7232 
2"7778 


2*7960| 


2*8679 
2*9389 
29785 
30091 
30783 
3*1466 
3*1720 
3'2139 
3'2803 
3*3457 


813*3578 


3410 
3.4733 


[3*5355 


. | Lat. 


N Diſt. 1 


| 


Diſt. 3 


| Lat. 


| Diſt. 4 


19134 


mt. Ah 
* . . 


ab. 11. 


FOR DEGREES AND QuaRTEr PoiNTs, 


— 


2 4 


E: 


Courſe | 
Pts. D 


59351 
59261 
5˙9088 
58898 
58847 
58689 
5*8462 
5*8218 
5*8202 
5*7956 
5*7676 


25357] 6 


2.5653 
26302 


5˙0354 
4.94974. 


Diſt. 7 


Diſt. 8 {| 


Diſt. 9 


m—— 


Ditt. 


Dep. 
O*I222 
02443 
0"3435 
0˙3664 
04883 
o0*6101 
0*6861 
07317 


508631 


0˙9742 
10271 
10950 
12155 
13357 
13656 
14554 
1.5746 
16935 
12009 
ICALLY, 


1*9295 


6*0041| 


6*0002 
5*9363 
5*8707 
'$'8203 
5.8033 
$7341 
5 6631 
56224 


55161 
54400 
54111 
5.3623 
52830 
5 2020 
51867 
351195 


5 5994142 


2*0320 
2*0466 
2*1631 
2*2790 
23582 
23941 
2 5086 


12 •6222 


26783 
27351 
28472 
2*9583 


29929 
3*0686 


669970 


Lat. | 
7 9988 


— — — 


7 99510 
7-9904j0* 


2*2051}|S* 
2*3223; 8" 


2.3390 


2 9969 


7˙3084 
72505 
72319 
71904 
7*1280 
7:0636 
20554 


6˙9282 


6558618 


7:3640! 


35870 


3'6319;! 


3*7558 
37712 
3˙8785 
4*0000 


4*1128 


6*8573 
67843 


6*7094 


4.35714 
4444077 
4˙4735/7˙ 


66518 


4˙7023 
4*7656 | . 
4'8145| 
49253] 
5*0346] 6* 


41203 
42394 


4*5880 


3*o6r5| 
31258087 
3253987 
33809857 
34204857 


Lat. 


Dep. 


3-9996 
8˙9945 
$9892 
89877 


118*9781 


8*96;8 
8.9567 
8·950) 
89329 
89124 
89026 
88892 


24721087 
260458 
269510 
273028: 
23669 | 


'7'9465 


7˙8716 
77942 


21571 
0˙3141 
0.4416 
0*4710 
06278 
07844 
0 8822 
99408, 
10968 


12526 
13200 [97 


14079 
18628 
17173 


27812 
29301 
3˙0320 
30782 


3˙22 53 3358 


96120 
9.5694. 
95630 


14 — 


Lat. 


ü 


10 


Dep. 


99985 
99939 
9*9880 
9˙9863 


955106 
9 4 


225 


3 


94154037 


93969 


9*2718 


| 4.2252 
7˙9373˙4˙242 


1 
4˙3633 
4 5000 


9˙2050 
[9 1355 
19*0631 
19-2399 


© > 6 


9879 
9101 
38295 


88192145 


87462 
$*6003 


1745 
0" 3490 
974907 
955234 
06976 
0*8716 
09802 


[*3917 
14674 


4 0674 
4˙2262 
4˙2756 
4˙3837 


7˙7196 


$*O7.511,0" 


5*4560 


5*5573] 


514236 
52485 

5.3539 
537256 


—22 5.89245 
Lat. || 


46269 
46353 
47993 
4˙9018 
5 ˙0001 
50327 
51622 


$*577315" 
$*5717]5" 


$*4805 


3*386715* 
$*3147}5 
8729045 
3191555 


80902 
80321 
79864 


7*8801 
77715 
77301 
76604 


10453 
NU 


15643 
17365 
19081 
19509 
20791 


3 9075] 


-- — 


\ * 


3 


WU 


ht. —_— — I 


* * 2 


2 


LExnGTus or Circular Axcs. 


Tab. 12 


_ 


MA IT IRTP 


I 1 


_—_ 


Arc 


"0174533 
0349060 


"0523599 
0698132 
0872667 
1047198 
1221750 
1396263 
1570790 
III 
1919862 
2094395 
2268928 
244346 
2617994 
2792527 
2967050 
3141593 
3316126 
3490 59 
3065191 
3839724 
4014257 
4188790 
4363323 
4537856 
4712389 
4886922 
5061455 
8235988 


5410521 
5585054 
5759587 
5934119 
6108652 
6283185 
6457718 
6632251 
6806784 
6981317 


7155850 
7330383 
7504916 
7679449 
7853982 
8028515 
8203047 
8377580 
8552113 
8726646 
8901179 
9075712 
9250245 
9424778 
"9599311 
*9773544 
9948577 
10122910 
1029744 
150471076 


Arc 


|De 


69 


71 


74 
75 
76 


Arc 


10821041 


10995574 
11170107 


1151917 


20 


72 
73, 


77 


119 


78 


1169370 


11868239 


152042772 
12217305 
12301838 
12566371 
12740904 
12915436 
1 3089969 
13264502 
173439035 
13013568 
13788101 
13962634 
14137167 
14311700 
14486233 


14660766 


14835299 
15009832 
15184364 
15358897 
1 5533430 
155707963 
15882496 
16057029 
156231562 
1 6406095 
16580628 
16755161 
16929693 
17104226 
17278759 
12483222 
17627825 
17802358 
17976891 
18151424 
18325957 
18 800490 
18675022 


9024088 
9198621 


9547687 
9722220 


1 
fx 
19373154 
I] * 

10 
19896753 


0071286 
0245819 
9 
0594885 
0769418 


12012 0943950 
Del Arc 


1-0646508 


1*1344640]| 


18849555 


De 


Arc 


172 
173 


3 
by 


21118483 
21293016 
21467549 
271642082 


5121816615 


21997148 
22165681 
2 2340214 
22514747 
2268928 
22863813 
23038346 
2*3212879 
23387412 


23561945 


23736478 
23911010 
24085543 
24260076 


24609142 
24783675 
24958208 
25132741 
25307274 


2*5556329 
2*5830872 
2*6005405 
2:6179938 


26354471 


26703537 
2 6878070 
2 7052603 
277227136 
2 7401668 
27576201 


27925267 


244345099 


2.481807 


26529004 


27759734 


Arc 
2909 


— 
0727 
11636 
14544 
17453 
20362 
23271 
26180 

29089 


717998 
34907 
37515 
40724 
43633 
46 542 
49451 
52360 
28779 
2o| 58178 
61087 
63995 
66904 
69813 
72722 
75631 
78540 
$1443 
8435 
87266 


yo175 
93084 
95993 
98902 
101811 
104720 
107629 
110538 


113440 
116355 


e ay % 


10 


29 


28274333 
28448866 
28623399 
28797932 
28972465 
29146997 


29496063 
290670596 


28099800 


29321530 


119264 
122173 
125082 
127991 
130900 
133809 
136717 
139626 
142535 
145444 


#3 


2*9845129 
*0019662 


0368728 
30543261 


0892327 
3106686 
11241393 
g 1415927 
5 


01941955 


30717794 


145353 
151262 
154171 
157080 
159989 
162897 
165806 
168715 
171624 
174533 


U 


| 


. 
—* 


__ 


— „ — — By — 1 ou 
LS — EER N een 


to. 
— 


Are 


| 


Tab. 13. Common and Hye, Log ARIT HIS. 341 
CL ]JHYP. Lo. [c. HYP, LO.||CL | HYP, Lo. CU Ur. Lo. 
ot |*02302585||*26 | 5956721351 [1*17431840]} 76174996467 
*O2 46051700 '27 | *621697983)| *52 [1*19734425|| *77|1*77299052 
03 |'06907755||*28 | *644723831]*53 22037010 *78|1*7960163; 
o | 09210340|| *29 66774968 54 |1*24339595]] *79|1*81904222! 
*O05 5129250 30] *69097553||*55 1266421800] 800184206807 
06 13815510031 [7138013856 128944766 810.86 509392 
07 16118096 32 736827230[˙57 [1*31247351]| 828188811977 
*O8 |:18420681|| *33 | *75985308|| 58 [335499360 83 1911714562 
09 2072326634 7828789359 358525210 8493417147 
0 [23025851 35 [80590478 [ 381551060 *B5|1*957197 32 
oT *25323436|| 3682893064 61 [1404576910 86198022318 
12 [2763-0210 ˙37 85195649 62 ze 87 200324907 
13 29933606038 n. 63 [1450628610 88 202627488 
'14 |*32236191||*39 | *89800819]|| 64 [1*47365446|| *89]2*04930073] 
'I5 [34538776 *40 | *92103404|}*65 14966803 1 9000232658 
16 368413620 41 [94405989 *66 |1*51970617|| 910209535243 
17 [39143947] 42 | *96708574||'67 1.527329 921483782 
18 41446532 43 9901115968 [1565757871 *g312"14140413 
119 437491170 4 10137374469 158828372 9421644299 
20 [4605 17020 45 1036163290] 70 1761180957 9512718745583 
21 48354287 46 105918915071 163483542 90/2 21048 16 
22 50656872 47 108221 5 72 165786127 92622335075 
23 52959457 48 1108248573 17630887120 9825653339 
24 55262042 49 1712826670 *74 1703912970 99ʃ½z 2795592 
25 575646271 50 115129255175 1177269388210: 302 58 50 
A TABLE of Rumbs, ſhewing the Degrees, Minutes, 
and Seconds, that every Point and Quarter- point of the 
Compaſs makes with the Meridian. Tab. 14. 
North Pts. qr o Pts. qr. South 
0 112 48 45ſ0 I 9 | 
0 2 5 37 30[o 2 | | 
| ©. 3s 26 150-3 = 
NbE|NbW/|r cir 15 of of SbE | SbW | 
1 1114 3 45[l I | 
. | 
iz gig: 4r 158 3 | | 
NNE| NNW z cſz2 30 oſs © SSE {| SW | 
15-4081 | 
2 2428 7 302 2 
| 2 330 56 152 3 
NE b N/NW bN z . SE bS SW bs | 
— 1136 31 493 * | | 
3 ha 1 153 3 
| 3 ( 
NE | NW : oſ45 © o4q © SE SW | 
4 147 48 454 „ | 
4 2150 2 3 | 
53 26 15 3 | | 
NE EN Wb W 2056 15 5 of] SE bE SW b W 
1 | 
' © = 4 . 
© .% a. a | 
NNE | WNW 6 ojb7 30 046 oj] ESE WSW 
6 170 18 45ʃ6 I | 
| B { 
” a 9. 2 
EbN| WhN 7 78 45 % of EbS | Wbs 
y 18 $23 497 3 
7 2/84 . | | 
1 3 
] Eaſt | Weſt 4 — 40 9 8 -©of Fat Weſt 


342 A EIST OF ERRORS CORRECTED 


I. In the Londen Editien of 1742. 


In the Logarithms, In the Sines, 

101213 | 3630 oo 40” 45'] 80738436 
© 14 | 40959 9 59 12 | 82360204 
15 | 4458 1 7 48 | 82949277 
16 | 4917 | x 24 © | 83879622 
I7 | 5346 4 35] CIO 
| 11 24 1o | 9˙2960174 
21308. | 5427 — 13 27 30973668676 
26719 | $202 — 32 3 $9 | 9*7249837 
293150899 - 37 26 20 274 diff. 
34259 | 7747 37 26 5o| 275 dit. 
347286798 — $2- $3.0 | 162 diff. 
51193 | 2106. 85 43 10 | 9 9171322 

59502 | 5316 0 4 97 diff. 
608442178 663 4 360 9 ai 
64445 | 1892 65 4 39 | 99575403 
65640 | 1686 70 30 50 | 99743838 
60607 | 5199 75 53 30 [ Ba diff. 
673292022 77 22 20 | 99893657 
69519 | 1035 82 © 40 | 99957646 
71492 } 2574 85 55 ©} g'gg83g62 

73338 3291 In the Tangents. 

73983 | 1319 39 217 o'| 817674175 
742949537 8 36 20 91799393 
74742 | 5047 10 13 50 | 9'2564267 
75501 | 75 13 21 30 9˙37 56001 
moon | #13 43 436 39 | 99839523 
2 44 12 20 | 99879549 
7 9031 | 9907 | 68 19 20 | 10'4006638 
77316 2094 :-.. 3x. 34 © 1 104717187 
2958 | 8383 73 18 O | 10*5228579 
77 1 40 | 106375975 
Abſolute Numbers, — - 109871756 
6462 | 6492 85 39 40 | 112340287 
8668 | 8683 87 19 20 | 11':3300317 
9167 19157 88 20 30 | 115383295 


89 55 10 | 12'8520268 
L. to 20 places, 916. 96189 


3 
ber & Uſe, pa. 11, l. 4 bot. M, m. 


Note, that ſome very few places are omitted where a figure does not perfectly appear, as 
ne; are not real errors, and cannot miſiead, but may eaſily be filled up by the differences. — 
It is alſo to be obſerved, that ſome of theſe errors in beth the books, are not in all copies of 
the ſame edition, as I have experienced by collating divers copies: a circumſtance probavly 
occafioned by types ſometimes working out at the preſs, and careleſsly ſupplied again; and 
ſometimes by diſcovering and correcting errors after the copies of ſome ſheets have been but 
partly worked off, —A)] the real errors in both books are brought together in theſe tables, both 
thoſe I have ſten printed elſeuhere, and thoſe received by private communication, beſide? 
er. twenty attectied by myſelf, in comparing the prouts 0f my book with the like parts 
Ls Ne OMNCTS, 


IN GARDINER'S QUARTO TABLES, &c; 


101213 


4770 
7235 


II. In the Avignon Edition of 1770. 


In the Logarithms, 
| 3630 


4959 
4488 
4917 
5346 


7871 
9536 
7747 
6798 
2953 
1415 
3274 
0938 
6654 
0036 
2106 
8364 
7563 
5316 
3471 


7815 
1899 
5283 


1175 
3256 
3422 
9607 
9770 
1035 
1910 
$093 
3864 
3004 
0916 
9458 
6956 
3403 


Abſolute Numbers, 


4070 
7135 


Sheet e laſt line M3, mg. 


Pro. Parts. 


Sh. i. Dif. 94+ 


9 | 


85 


2178 


1892 


343 


In the Sines. 
0 6! 36“ 72832698 
9 37 3 80325059 
© 45 30 81217248 
2 37 28 | 86607629 
1 388.7459722 
18 44 20 62 1 diff. 
45 4 50 9˙8500 47 
66 4 20 97 diff. 
30 98 diff. 
30 | 99575493 
67 17 30 99649579 
v2 3 30 52 diff. 
52 10 1 9g 9999154 
In the Tangents. 
o? gf 17) 74314311 
oO 11 47 | 75349990 
o 14 23 | 76215882 
o 24 16 28487435 
o 37 15 | 80348694 
1 8362802 3 
1 22 57 | 83826268 
3 o 7 | 87196777 
3 6 28 | 87347535 
3 19 9g | 87633926 
17 39 49 | 95929635 
23 22 © | 9'6355321 
35 4 42 | 93464309 
67 13 $50 | 103770260 
73 20 50 | 1055241609 
88 3 10 114685 399 
Sheet 8 1 79 deg. 
1 120 60 
Table to 20 places. 
59 7708; 20 Kc 
825 91645"39485 
1083 | 0364234506 


Table 111, of the fame. 


Diff. II. ib.00127 | 5317547 &c. 
Logiſt. Log. | o 52“ 
Hyp. L. 6*75 | 19095425 

In the laſt Page. 

line 20 | o:0019633 
22 | 1'2403375 
24 | 12403375 
26 | 58455077 


II. The 


344 & LIST OF ERRORS CORRECTED; & e. 


III. The following liſt of Errors in Callet's Tables Portatives have 
been diſcovered in reading his book with the — — of this 


2d edit. of my Tables. 


* 


In the Introduction. 


Da. | 
9 I. 1 read Lb 
41 — 9 — compris c 
19 — Ja 


4 IQ —— Le 


1—— — ce tate. __ — 


P 4 - * - 
ͤ—ñeà——— — f—— — — — — OS GU — 2 - - — — — 


VVV 


4789 
0844 
64113 
64445 
64547 
70357 


76872 


77054 
78050 


9901 


8 


In Callet's Tables Portatives, Paris 1783. 


In the Logarithms. 


2539 
2178 
9461 
87 75 
876 


3073 
7682 
8515 
3729 
7142 


5 


N 3 +2. AER 2X 46 N r 9. 


22 | 3 0 
Addons Ze , 2 te 
2 4 . * 7 
2 2 L ) G 
wb EH SR; AO 
1 G be 


| Oe _ „ _ F I . . e, 
<< -C- Sc 4e Kc 2; 28 ET rae» . 7 <L | 

2 5 
SIP * 1 0) 3 4 A, 70 EO . RE 


n, Y. 2 A fee ns JI GE es 
VIE LEP 5 


„L : e 2 * 
" 7 


, 


L. 4/= {+342 <4 63+L85 +2Ht4- 3 
64. 


- 1 e 1 A. — 0-6 2 e FA 


> A. Wd 2 od 


: Feet EAN. — L C A AL . G, 44 on . 


— —_ 1 „ 
» * 2 


7 Nad 0 %. 3 L 2 4 pt 1 
7 — 


1 ; | ; 
k 
* 
4 
7 
* 
* 
4 2 « — 
. 
: 
* 
* 
bo. | i 
1 11 
o - 
. 
Fe 
˖ 
ou 
15 
of) 
T 
#4 * 
. » JL 1 my 1 . 
* . k% 4 «> / 
: - 
. | | 1,» Ig 
{ * . 
0 141170 
. 
J / 1 a 
1 n 77 = 4 mn 
: | 4 =. '\ 4 
6 — — 


——_ 


, 


” — — — 


— ſ ⅜ ... — 


— - — — 
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